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男、 2 6女）他們全部已素食 1年以上，並爲乳蛋素食者。參加者被安排逐 
個接見進行膳食《^查，體格測量，骨質密度測定及採集血樣。兒童之身高及 





土 191 g/capital /day )、豆類/及其制品（104 ± 8 4 g/capital /day ) 、 
水 杲 類 （ 1 4 0 土 124 g/capital /day ) 、 蔬 菜 類 （ 6 7 土 
45g/capital /day )，其他食物包括根/莖類，奶、蛋及堅果類。和英國 







血色素正常，血清鐵爲 3 9 . 5 ± 1 0 . 3 (pmol/l )紅細胞平均體積爲80.56 
土 8.0 6 (fl >有四名兒童，血色素正常，而紅細胞平均體爲低於70£1， 
他們被要求做血色素電泳檢驗，結果 4名兒童皆判斷爲地中海貧血。 
"^斗^入 • 
口 ] 珊 • 
在外國文獻中，兒童生長遲缓，在單純素食及延壽派飲食被最多報導，反之 
乳蛋素食較少。而生長遲緩在香港華裔兒童並無出現，這是由於蛋白質及熱 







多（10g ) ， & P S 比 例 （ 1 : 1 )而且缺鐵性貧血也低於國外文獻。而肥胖 
亦出現於本次研究兒童，因此過多甜食油腻，以及缺乏運動同樣對素食者帶 
來危險。 
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Summary 
Many researchers have shown that vegetarian diet bear various 
benefits to health, including lower mortality rate, lower risk of 
cardiovascular diseases, cancers, hypertension, and obesity etc. 
Such benefits were shown mainly in adults. It was believed that 
children who practice strict vegetarianism are at risk of nutritional 
deficiency: particularly growth retardation, energy and protein 
malnutrition, iron, calcium, vitamin B12 or other nutrient deficiency. 
Most of these were based on studies in the West. There are limited 
studies about Chinese vegetarian children. The variety of food 
choices for Chinese was noted to be different from those in the west, 
which may lead to a difference in the nutritional outcome. To our 
knowledge there was limited literature about Chinese vegetarian 
children. Therefore the aim of present study is to seek the dietary 
pattern, nutrient intake and growth of vegetarian children in Hong 
Kong. 
52 Hong Kong Chinese children (26 boys, 26 girls) who had 
taken lacto-ovo-vegetarian diet for at least one year were studied. 
They were from the local vegetarian societies and religious groups, 
contacted through letters and telephone calls to their respective 
representatives. They were studied for growth and nutritional status. 
Anthropometric indices including body weight, body height and 
skinfold thickness were measured. Bone mineral density of the lumbar 
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spine (L2-L4) was measured using a dual photon densitometer, to 
reflect calcium store in the body. Dietary intake was estimated by the 
food frequency method, which was established for the local children 
(Leung et al, 1994) and adults (Leung et al, 1995). Ten-ml fasting 
venous blood sample was taken before completing the dietary 
questionnaire on the same day. The samples were then analyzed in 
the hospital laboratory. 
The mean energy intake was 1589 土 530 kcal/capital/day with 
protein contributing to 13 土 T%、fat 23 士 6o/o and carbohydrate 66 士 
6% of total energy. Dietary iron and calcium intake was 13 土 6 
mg/capital/day and 528 土 209 mg/capita/day respectively. Compared 
to the local omnivorous children, vegetarian children took significantly 
more carbohydrates, less fat and less protein per kilocalorie intake 
than omnivore children (p <0.001). Their fibre intake was much higher 
while cholesterol intake was much lower (p<0.001). The PS ratio of 
their vegetarian diets was much closer to the recommended ratio of 1. 
Prevalence of iron deficiency in our studied vegetarian children was 
0%, which may be lower than the western counterparts. There was no 
vitamin B12 deficiency. 
The results showed that in our children 23% of the boys and 15 
% of the girls were obese with weight above 120% median weight for 
height. Their calcium intake and BMD were comparable to the local 
omnivorous children, both groups had calcium intake much less than 
that reported in the west, probably because of the lower mllk intake 
vi 
among local Chinese children. However, earlier reports found that 
Chinese children had more effective calcium absorptive capacity with 
a true fractional calcium absorption of 60%. 
It was showed in our study that children and adolescents who 
consumed lacto-ovo-vegetarian diets in Hong Kong generally met all 
of their nutritional requirements for growth. The vegetarian children 
diets were closer to the present general recommendation for a healthy 
diet than that of the local omnivore children. It was found that the local 
vegetarian diet may possess some advantages over the western 
vegetarian diet: less fat (20%-25%), more fibre, and better PS ratio 
(1:1). In conclusion, it was confirmed that there was absence of 
growth retardation and low incidence of nutritional deficiency is the 
local vegetarian children. Vegetarian children were also exposed to 
the risk of obesity. 




List of Abbreviations 
List of Tables 
List of Figures Introduction and aim of the study 1 
Chapter 1 The nutritional status of vegetarian 6 
children-a literature review 
Chapter 2 Vegetarianism- past and present 6 
2.1 Definitions and Classification of vegetarian 6 
2.1.1 Vegetarianism-past and present 7 
2.1.2 Potential benefit of vegetarian diet to 7 
health 
2.1.3 Nutritional considerations 8 
2.2 Energy 9 
2.2.1 Protein 10 
2.2.2 Calcium 12 
2.2.3 Iron 14 
2.2.4 Vitamin 16 
2.2.5 Sources of "important nutrients in 17 
vegetarian diet 
2.2.6 Growth and development of vegetarian 18 
children 
2.3 Growth of omnivorous children 18 
2.3.1 Growthofvegetarianchildren 18 
viii 
2.3.2 Long term effect of vegetarian diet 21 
2.4 A reviews of local studies on Nutritional 23 
Status of Hong Kong Chinese children 
Chapter 3 Nutritional intake of omnivorous children 23 
3.1 Calcium intake and Bone Mineral Content 24 
of Hong Kong Children 
3.2 Growth Standards for Hong Kong children 25 
3.3 An overview of the present nutritional 26 
status of Hong Kong children 
3.4 A reviews of the methods of dietary 27 
assessment and anthropometric 
evaluation 
Chapter 4 Dietary assessment 27 
4.1 Methods for collecting dietary intake data 27 
4.1.1 Selecting an appropriate method 34 
4.1.2 Food composition tables 34 
4.1.3 Anthropometric assessment of growth 35 
4.2 Measurement of height 36 
4.2.1 Measurement of weight 36 
4.2.2 Body fatness evaluation 37 
4.3 Using of skinfold thickness measurement 38 
to assess body fat 
4.3.1 Mid-upper arm circumference ratio 39 
4.3.2 
ix 
4.4 Calculation of body fat from skinfold 40 
measurement 
Chapter 5 Subjects and Methods 44 
5.1 Subjects 44 
5.2 Methods 44 
5.2.1 Anthropometric Measurements 45 
5.2.2 Weight (wt) 45 
5.2.3 Height (ht) 46 
5.2.4 Skinfold Thickness 46 
5.2.5 Obesity identification 48 
5.3 Evaluation of bone mass in vivo 48 
5.4 Dietary Assessment 49 
5.4.1 Estimation offood quantity 51 
5.4.2 Nutrient intake data 52 
5.5 Blood test 53 
5.6 Data analysis 54 
Chapter 6 Results 55 
6.1 Sample size 55 
6.2 Anthropometric Measurement 55 
6.2.1 Weight and height data 55 
6.2.2 Skinfold thickness 56 
6.2.3 Prevalence of obesity in study children 56 
6.2.4 Bone mineral density (BMD) 56 
6.2.5 Haematological and biochemical data 57 
6.3 Serum lipid profiles 58 
xii 
6.4 Diet assessment 58 
6.4.1 Diet 58 
6.4.2 Food consumed 59 
6.4.3 Seasonal variation of food 60 
6.4.4 Energy and Nutrient 60 
6.4.5 Comparison with UK vegetarian children 65 
6.4.6 Relationship between body fatness and 66 
current diet 
Chapter.7 Discussion 67 
7.1 Lacto-ovo-vegetarian children have normal 67 
growth 
7.2 Vegetarian children can be obese 67 
7. 3 Advantages and disadvantages of Chinese 68 
vegetarian diets 
7.3.1 Calcium 68 
7.3.2 Iron 68 
7.3.3 Vitamin B12 69 
7.3.4 Folate 70 
7.3.5 Fibre 70 
7.4 Conclusion - 71 
Chapter.8 Limitation ofthe Study 72 
8.1 Dietary record method 72 





Appendix 丨 Dietary survey food frequency questionnaire 
Appendix II Daily intake of individual food items. 
List of Abbreviations 
BISF Biceps Skinfold Thickness 
BMC Bone Mineral Content(g/cm) 
BMD Bone Mineral Density(g/cm^) 





FA〇 Food and Agriculture Organization 
HDL High Density Cholesterol 
HK Hong Kong 
HT Height 
LDL Low Density Cholesterol 
M Male 
M/S ratio Monounsaturated Fatty Acid/ Saturated Fatty Acid 
MUFA Monounsaturated Fatty Acid 
N Number 
P/S ratio Polyunsaturated Fatty Acid/Saturated Fatty Acid 
PUFA Polyunsaturated FattyAcid 
Ql Quetelet Index 
SD Standard Deviation 
SFA Saturated Fatty Acid 
j 


















时胁 . k .
 a 
s ^ s 卜
 ^ 
p
 d ^ 
J D










 . . . 
. , „ 
. L
 .
 . . 
% f
 、 - —
 • • : 
. , . v _
 . .
 . 
. . . . . . . L :
 . . .
 . - . - .
 . l - /
 .
 = ' . . 
一 . . ，




 : • -
-
 . _ , v . 


















 ; • / ; . : : : - “ . . ： ：
 T v - .






















 V H U ,
 、 ，
 t
 : . -
 •








 t f A - ^ r .
 > -
 • :









































































 _ . 、
 •










 % “ 」 a ; >
 . . .
 .
 .
 : . . > : . ，
 ^
 y1j 





 i * l ^ s - t h E r s i t 
, A , / b [ r ^ ^ l l .




 n , ！
 , . . . ^ . ^ 1 . . ^ 1 , 1 ^ . . . ^ . , . . . ^ . ^ ^ ^ ^ ^ . ^ 1 ^ ^ ^ ^ ^ ^ ^ ^ ^ > ^ ^ ; ^ ¾ . ^
 .
 " - .
 I . -
 ？
 , ^
 \ ? i s « i l f f i l l . i l s i i i s „ a 
List of Tables 
Table1 Classification of vegetarian 
Table2 Food sources for important nutrients in the vegetarian diet 
Table3 Occupation of the parents of study children 
Table4 Mean 士 SD Weight and height of vegetarian children 
Table5 Biceps and suprailiac skinfold thickness (mm) for the 
vegetarian boys and girls at different age ranges. 
Table6 Mean 土 SD Blood levels of vegetarian children 
Table7 Serum triglyceride, total serum cholesterol, HDL and LDL 
(mmol/l) for the vegetarian boys and girls at different age 
ranges. 
Table8 Mean Values of food intake(g/capita/d) of vegetarian children 
in Hong Kong 
Tabie9 Daily nutrient intake of vegetarian children, aged 4-6, 
compared to omnivore children at aged 5. 
Table10 Daily nutrient intake of vegetarian children, aged 6-9, 
compared to omnivore children at aged 7. 
Table11 Daily nutrient intake of vegetarian children, aged 9-14’ 
compared to omnivore children at aged 9. 
Table12 Nutrients intake of local vegetarian compared to UK 
vegetarian children 
Table13 Correlation coefficient value( p) of body fatness and current 
diet for vegetarian children 
List of Figures 
Figure 1 Height of individual Chinese vegetarian boys plotted on 
the Hong Kong reference with 3 '^ 1CA 25$h, 50th，75th, 
9Qth, and 97^ ^ percentile curves. 
Figure 2 Height of individual Chinese vegetarian girls plotted on 
the Hong Kong reference with 3 ^^  10^"，25'卜，5Qth, 75th， 
9C)th, and 97^ ^ percentile curves. 
Figure 3 Weight of individual Chinese vegetarian boys plotted 
on the Hong Kong reference with 3「d，iQth, 25【卜，5C)th, 
75th，9Qth, and 97^ ^ percentile curves. 
Figure 4 Weight of individual Chinese vegetarian girls plotted on 
the Hong Kong reference with 3「d，1Qth, 25th, 5Qth, 75 '^, 
9Qth, and 97^ ^ percentile curves. 
Figure 5 Triceps skinfold thickness of individual Chinese 
vegetarian boys plotted on the Hong Kong Reference 
with 3 rd，iQth, 25th，5Qth, 75th，90 th，and 97^ ^ percentile 
curves. 
Figure 6 Triceps skinfold thickness of individual Chinese 
vegetarian girls plotted on the Hong Kong Reference 
with 3 rd，lQth, 25th, 50th，75th，90 th，and 97^ ^ percentile 
curves. 
Figure 7 Subscapular skinfold thickness of individual Chinese 
vegetarian boys plotted on the Hong Kong Reference 
with 3 rd，iQth, 25th，5Qth, 75th，9Qth, and 97^ ^ percentile 
curves. 
… Figure 8 Subscapular skinfold thickness of individual Chinese 
vegetarian girls plotted on the Hong Kong Reference 
with 3 rd，lQth, 25th，5Qth, 75*卜，9Qth, and 97^ ^ percentile 
curves. 
Figure 9 Bone mineral density of the lumbar spine L2-L4 of 
individual vegetarian children plotted in the Hong Kong 
reference with mean ( )，mean 土 1SD ( 






Chapter 1 Introduction and the aim of study 
To promote growth and better nutrition of children is a long-term 
national goal and has long been a concern to both medical scientists 
and the general pu|Dlic. Infancy is the period of most rapid growth and 
childhood is the period when most of the eating habits in adult life are 
established. Childhood nutrition has a significant influence on health 
and development throughout life. As children grow, their nutritional 
needs are much greaterthan those of adults and the consequences of 
… 一 、 
a poor diet will be long lasting. These periods are most vulnerable 
times of life for malnutrition such as energy and protein malnutrition, 
iron deficiency, rickets and other nutritional deficiency. So, a good diet 
wni protect against everyday illness and ensure the development of 
strong bones and teeth, firm muscles and healthy tissue. 
Vegetarian diet consists of a variety of plant foods alone or in 
combination with selected animal products. A vegetarian diet may be 
followed for religious, cultural, philosophical, personal, or health 
reasons, and at times out of necessity. There is no single vegetarian 
eating pattern. The vegetarian diet consists of mainly plant foods: 
fruits, vegetables, legumes, grains, seeds and nuts. Eggs, dairy 
products, or both may be included as well. Vegetarian diets are 
commonly divided into one of three categories. In all three categories, 
meat, fish, and poultry are not consumed. The lacto-ovo vegetarian 
diet, considered as the most lenient of the three, allows milk, dairy 
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and egg consumption. Lactovegetarians, on the other hand, consume 
milk and dairy products, but do not eat eggs. The total or pure 
vegetarian diet, often referred as the vegan diet, contains no animal 
products. 
^ Many researchers have shown that vegetarians bear various 
benefits to health. Either they had lower mortality rate (Chang-
Chaude and FrentzeI-Beyme R.1993; Key et a/. 1996)’ lower 
incidence of cardiovascular diseases (Chang-Chaude and Frentzel-/ 、 . 
Beyme R.1993; Melby et a/.1994; Kudlackova et a/.1995), gastro-
intestinal cancers (Nair et a/.1994), hypertension (Sciarrone et 
a/.1993; Beilin et a/.1994; Melby et a/.1994; McDougaII et a/.1995), 
hypercholesterolemia (Pan et a/.1993; Melby et a/.1994; McDougaII et 
a/.1995), obesity (Dwyer et a/.1988) etc. Such benefits maybe 
contributed by low fat and high fibre diet, healthy lifestyle (do not 
smoke, little to no alcohol) and better social life and stress 
management (many vegetarians have a religion). 
The American Dietetic Association recognizes that there are 
times of particular physiologic risk if vegetarian diets are not carefully 
planned. It is advised that, during these periods, total vegetarians, in 
particular, to have the assistance of a registered dietitian in planning 
appropriate diets to ensure nutritional adequacy. Vegetarian diet was 
shown to have long-term benefits to adult. However, studies about 
vegetarian school-aged children were little and most were conducted 
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in the west. Besides, reports about the vegetarian children were often 
associated with growth retardation ( Dagnelie et a/.1994), energy, 
protein malnutrition; iron, calcium, vitamin D，（ Johanna T et al. 1979 )， 
vitamin B12( Millet et al. 1989) or other nutrients deficiency( Helamn 
et al.1987; Donovan et al. 1996). Some suggested that vegetarians 
need dietary supplements.( Draper et a/.1993). 
Growth is a good indicator of a child's general health and 
nutritional status. Concern has been expressed about the adequacy of :、 
meat-free diets in supporting normal growth (Francis, 1986; Kaplan 
and Toshima, 1992; Thomas, 1994). The reasons given for a possible 
adverse effect on growth include possible deficiencies of protein, 
specific amino acids, iron, zinc, a range of B vitamins and low energy 
intake (as a consequence of consuming a high fibre, low fat diet). The 
evidence is conflicting and complex since there is not a single 
vegetarian diet. Growth potential seems to hinge around the presence 
of dairy products in the diet but many other non-dietary factors be 
influence growth including: parent's height (Muller, 1976)，puberty 
(EveIeth and Tanner, 1976), socio-economic group (Rona etal, 1987)， 
ethnicity (Rona and Chinn, 1986) and- psychosocial status (Skuse et 
al, 1994). The level of physical activity may also affect growth. Most of 
the researches have concentrated on impact of the diet and nutrition 
upon growth. 
Several investigators have addressed the issue of the growth of 
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vegetarian children, most of these studies were based on relatively 
small numbers ( 50 or fewer) of preschool children( Bachrach et al. 
1979; Dwyer et al. 1982 ). The growth of young children who consume 
vegetarian diets has rarely been studied. This is not surprising since 
vegetarians constitute only a small proportion of the total pediatric 
population and until a decade ago reports on disordered growth 
associated with vegetarianism were few. Until recently the vast 
majority of vegetarian children in the United States were raised in the 
Seventh-day Adventist lacto-ovo vegetarian families. Roberts et al 
~) 
(1979) concluded that vegan diets were inadequate for growing 
children. Sanders (1977) and Mumford & Ellis (unpublished) have 
found the heights and weights of children reared on vegan diets to be 
normal. Nathan I. (1996) studied fifty vegetarian children aged 7-11y, 
and compared with 50 omnivores, to assess the ability of a meat free 
diet in supporting normal growth of children. The results showed that 
these vegetarian children with conventional lifestyles grew at least as 
well as children who ate meat. Herbert ( 1985) found 191 vegetarian 
Indian children aged 3-6y, on average to be tallerthan 123 omnivores. 
The cost of food may have favoured a vegetarian diet by allowing 
more energy to be taken but other factors could not be ruled out. 
Rona et al (1987) studied Asian vegetarian and omnivorous children 
in England found no differences in weight for height or triceps skinfold 
thickness between the vegetarians and meat-eaters. In the west, 
these were studies about nutritional status of vegetarian children. 
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In 1960's Field and Baber (1973) conducted a longitudinal study 
of growth in 782 children in Hong Kong. In 1979 and 1981，two dietary 
surveys were conducted in Hong Kong infants and young children 
aged between 7 months and 24 months of age in the districts of 
Aberdeen and Kwun Tong respectively ( Li et al. 1982, 1985). The 
reports urged for an improvement in childhood nutrition in Hong Kong. 
By late 1980's, Leung et al. (1989) and Leung and Lui (1989) 
published their works based on a cohort study of growth and nutrition 
in 150 normal Chinese Children aged from birth to 18 months in 
Shatin. It showed a secular change in growth and dietary pattern. No 
nutritional deficiency was identified. Instead，further study revealed 
the emergence of overnutrtion in childhood (Leung et a/.,1994). 
Nearly, all ofthem were omnivorous. 
To my knowledge there was very limited literature about Chinese 
vegetarian children. The variety of food choices for Chinese was 
noted to be different from those in the west, which may lead to a 
difference in the nutritional outcome. Whether vegetarian children are 
healthier or still suffering form nutritional deficiency is unknown. 
Therefore, this study aims to investigate the dietary pattern, nutrient 
intake and growth of vegetarian children in Hong Kong. 
i 
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Chapter 2 A literature review of the nutritional status of 
vegetarian children 
2.1 Definitions and Classification of vegetarian 
2.1.1 Definitions and Classification 
A vegetarian is usually defined as someone who does not eat 
animal flesh (i.e. meat, poultry, and fish) but may include eggs and 
dairy products in his or her diet. 
Vegetarian diets are commonly divided into three categories. In 
all three categories, meat, fish, and poultry are not consumed. 
Lacto-ovo-vegetarian- eats both dairy products and eggs. This is the 
most common type of vegetarian. 
Lacto-vegetarian- eats dairy products but no eggs. 
Total or pure vegetarian- does not eat dairy products, eggs or any 
other animal products. 
The new vegetarians include a number of groups: 
Yogic vegetarians- persons who usually consume a lacto-ovo-
vegetarian diet and often stress on the_use of “ natural", "organic", 
unprocessed, unrefined, and "health" foods. 
Hare Krishnas or krishnas- persons who consume a lacto-vegetarian 
diet which emphasizes" natural", unprocessed, unrefined foods and 
who belong to an American Hindu sect. 
Macrobiotics- persons who consume vegan diets that include 
7 
unprocessed, unrefined, “ natural", and “ organic" foods only; and 
also, in some forms, fluid restriction. 
Table 1 presents the groups of food consumed on various 
vegetarian diets. 
2.1.2 Vegetarianism- past and present 
Most of the vegetarians choose the dietary habit for religious or 
health reason. Recently some choose it because of ecological reason: 
eating low on the food chain with regard to preservation of the 
environment orfor the perceived solution to world hunger problems by 
decreasing the demand on the world's food resources; economic 
reasons, since diets low in animal proteins are typically less 
expensive than meat-based diets; and philosophical or ethical 
reasons, which include animal rights issues and attitudes toward 
violence. 
2.1.3 Potential benefit of vegetarian diet to health 
There are numerous studies documenting the benefits of being 
vegetarians, including lower blood pressure levels in the Seventh Day 
Adventist adults (Armstrong B et a/，1977)，lower serum total 
cholesterol levels (TC) (Abdulla M et al, 1981), and lower mortality 
from both coronary artery disease (CHD) and cancer (Burr, M.R., 
Phillips RL, 1978., Phillips RL, 1982). Total serum cholesterol and 
low-density lipoprotein cholesterol (LDL) levels are usually lower, 
while high-density lipoprotein (HDL) cholesterol and triglyceride !evels 
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vary depending on the type of vegetarian diet that is followed. (Ornish 
et al, 1990. Kestin M et al, 1989). 
Obesity is a complicating condition exacerbating many diseases. 
Vegetarians, especially vegans, have weight that is closer to desirable 
weights than do nonvegetarians (Bergan J.G.& Brown, P. T. 1980). 
Several factors may be involved, including moderation in energy 
intakes, increased physical activity, and better regulation of food 
intake. The high-carbohydrate, low-fat vegetarian diet, in combination 
with exercise, may decrease the risk of obesity. (Bray G. A. 1987). 
Vegetarians of the Seventh- Day Adventist faith have lower rates 
of mortality from colon cancer than the general population (Phillips et 
a/.1980). Vegetarians are at lower risk for noninsulin-dependent 
diabetes, partly because they are leaner than nonvegetarians (West, 
K.M.& Kalbfleisch,J. M. 1966; 1971). The vegetarians' high intake of 
complex carbohydrates, with its relatively high fiber content, improves 
carbohydrate metabolism, lowering basal glucose levels. (Sevens, J 
efa/.1985.&Munoz, J.M. 1984). 
Finally, lower rates of osteoporosis, kidney stones, gallstones, 
and diverticular diseases were documented in vegetarians (Marsh, 
A.G. etal. 1980; Pixley, F. et al. 1985; Gear, J. S. 1979). 
2.2 Nutrition Considerations 
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Nutritional adequacy of the vegetarian diets has been the subject 
of many published reports. It was generally believed that children who 
practice strict vegetarianism are at risk of nutritional deficiencies, 
particularly energy, protein, iron and calcium. 
2.2.1 Energy: The energy requirements for individual children are 
determined by energy expenditure (REE), rate of growth, and 
activity. The energy yielded by the macronutrients is 
measured in kiIocalories (kcalories or kcal). Carbohydrate 
yields 4kcal/g, fat 9kcal/g, and protein 4kcal/g, these values 
are called their respective full factors. The energy intake of 
children must be sufficient to meet the requirement for 
satisfactory growth and physical development and for the 
high degree of activity which is characteristic for healthy 
children. Recommendations for the energy requirements of 
children are based mainly on measurements of the actual 
food intakes of healthy children who are growing normally. 
In 1981, T.A.B. Sanders reported the results from an investigation 
of the nutritional status of a group of 23 vegan children between one 
and five years using anthropometric and dietary criteria. The results 
showed that the children were growing normally but they tended to be 
smaller in stature and lighter in weight when compared with average 
children. Energy, calcium and vitamin D intakes were usually below 
the recommendation. 
1 0 
Nathan 丨 et al (1996) compared the dietary intake of fifty 
vegetarian children aged 7-11 years, with fifty matched 
omnivores. Each child completed Three days food records. The 
energy intake (MJ) of vegetarians was significantly lower than 
that of omnivores. There were no significantly differences in iron 
or fat intakes. 
2.2.2 Protein: Protein performs many important functions in the body. 
1) Proteins are essential to growth. 2) Proteins provide the essential 
amino acids, which are the building stones for tissue synthesis. 3) 
Proteins supply raw materials for the formation of digestive juices， 
hormones, plasma proteins, haemoglobin, vitamins and enzymes. 
4) Proteins can be used for energy purpose. Each gram of protein 
supplies about 4kcal(16.7MJ) of energy. Protein requirements 
during infancy, childhood, and adolescence are greater than those 
of adults owing to the necessity of maintaining healthy growth 
rates. The body's need for essential amino acids can be met by 
consumption of animal or plant sources of protein since, after 
absorption, amino acids from exogenous and endogenous sources 
are combined in body's protein pool (Scrimshaw, N.S.1969). Plant 
foods contain less of the essential amino acids than do equivalent 
quantities ofanimal food，but a plant-based diet provides adequate 
amounts of amino acids when varied diets are consumed on a 
daily basis. A mixture of proteins from unrefined grains, legumes, 
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seeds, nuts, and vegetables will complement one another in their 
amino acid profiles so that deficits in one food are made up by 
another. Intake of different types of protein that complement one 
another should be eaten over the course of the day. However, 
since endogenous sources of amino acids are also available, it is 
not necessary that complementation of amino acid profiles be 
precise and at exactly in the same meaI, as the recently popular" 
combined protein theory" suggested. This theory urged conscious 
combination of proteins at every meal with the caveat that 
malnutrition would ensue if this was not done within a strict time 
interval. (Hardinge, M.G. et al. 1966). Although vegetarian diets 
usually meet or exceed the requirement for protein, they typically 
provide less protein than nonvegetarian diets. This lower protein 
intake may be beneficial, however, and may be associated with a 
lower risk of osteoporosis in vegetarian and improved kidney 
function in individuals with prior kidney damage. (Osteoporosis 
Consensus Conference, 1984. El nahas, A.M., and Coles, 
G.A.1986). 
Dried beans and peas, legumes, meat, fish, poultry, egg, milk, 
cheese, yogurt are rich sources of-protein. Nuts, seeds, pulses, 
wholegrain and grain products and Soya products all supply protein. 
However there is some evidence that dietary protein deficiency may 
exist in vegetarian diet, although the relationship is not simple. 
By combining different foods in vegetarian diets, complete 
proteins can be formed from the available amino acids For example, 
1 2 
the following combinations are recommended for nutritious items 
Grains plus legumes = complete protein 
Legumes plus nuts or seeds = complete protein 
Grains, legumes, nuts, or seeds plus mllk products = complete protein 
2.2.3 Calcium: From infancy to adulthood, the body calcium store 
increases from about 30g to 850-1, 400g (American Academy of 
Pediatrics, 1978). Normally, intestinal absorption of calcium is 
precisely regulated to meet these needs. The control mechanism is 
not cutlery known, but it is definitely dependent on vitamin D. If the 
supply of this vitamin is inadequate, calcium absorption is impaired 
and the reserve of calcium in the bones is drawn upon. As a result 
the bones become soft and the condition of osteomalacia arises. 
Calcium intakes of children vary greatly in different cultures. The 
recommended dietary allowances (RDA) for calcium varies between 
400-1000mg/d across different countries( Nordin & Masshall, 1988). 
Those favoring higher intakes assume that the rate of intestinal 
calcium absorption is only about 20-35%(National Research Council, 
1989; Nordin & Marshall，1988). FAO/ WHO (1962) recommended 
calcium intakes for children in the- range of 400-500mg/d. The 
committee remarked that calcium intakes above this level is 
considered to be safe, whereas intake below this level might carry 
some risk of deficiency. Many population groups consume 
considerably less than this recommended level of intake, especially 
if milk is not included in the diet (Nordin & Marshall, 1988). 
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As calcium is present in the tissues of plants and animals, all 
natural human foods contain small amounts of the element, while 
refined sugar and extracted oils and fats, contain none. Milk and milk 
products and fish, bones are very rich in calcium. For the total 
vegetarian, calcium sources would include regular and sample 
servings of many of the dark green vegetables, such as broccoli, kale, 
mustard and turnip greens; legumes; fortified soybean milk; some 
nuts, such as almonds; and certain seeds, such as sesame seeds. 
This is particularly true for children. Vegans can obtain adequate 
calcium from plant foods. Good sources include tofu, leafy green 
vegetables, watercress, dried fruit, seeds and nuts. Also, white bread, 
which is, fortified with calcium and some soya milks. Hard water can 
also provide significant amounts of calcium. Traditionally, Milk and 
milk products are not commonly consumed in the Chinese diets, Adult 
Chinese seldom take milk regularly. Thus, the dietary characteristic 
may be attributable to the traditional food habits or possibly be related 
to lactose intolerance in a proportion of Ghinese population (Quak et 
a/.1987; Dahlqvist, 1984) Cereals, green leafy vegetables, legumes 
and tofu are major sources of calcium in Chinese adult in Hong Kong. 
(Pun et a/.1989). Calcium intake was an important determinant bone 
mineral content (BMC), one would argue that the prediction of BMC 
by cumulative intake of calcium might be confounded by some 
variables such as cumulative intakes of energy and protein as these 
variables are known to affect growth and bone development in 
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children. 
Reports of the calcium intake in vegetarians are conflicting, Eills 
and his colleagues reported a high intake of calcium and have greater 
bone densities, decreased risk for osteoporosis in vegetarians (Eills 
FR, Holesh S, Eills JW. 1972). 
In contrast, Fulton JR et al. (1980) and Sanders TA et aL (1982) 
reported low calcium intakes in vegans. Dwyer's studies (1982) 
showed that some vegetarian children are risk for developing 
nutritional rickets because of inadequate intake of dietary vitamin D, 
Ca, and phosphorus. It is those obvious that, calcium status of vegans 
and lacto-ovo-vegetarians may vary a lot. 
2.2.4 Iron: Iron is essential for the formation of haemoglobin, the red 
pigment in blood. The iron in haemoglobin combines with oxygen and 
transports it through the blood to the body's tissue and organs. The 
body contains between 3.5 and 4.5g of iron, 2/3 of which is present in 
haemoglobin. The rest is stored in the liver, spleen and bone marrow. 
A small amount is present as myoglobin, which acts as an oxygen 
store in muscle tissue. When iron deficiency occurs, iron stores in 
body become depleted and haemoglob1n synthesis is inhibited leading 
to anemia. . When iron deficiency is the most prevalent nutritional 
problem both in Britain and worldwide. It has been stated that 2/3 of 
children and women of childbearing age in developing countries suffer 
from iron deficiency, 1/3 suffering from severe deficiency and anemia. 
Dietary iron exists in two different forms. Haem iron only exists in 
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animal's tissue, where as non-haem iron is found in plant foods. In a 
mixed omnivore diet around 25% of dietary iron is non-haem iron. 
Non-haem iron is less easily absorbed by the body than is haem iron. 
Usually in omnivorous diet, the amount of iron absorbed from various 
foods ranges from around 1 to 10% from plant foods and 10 to 20% 
from animal foods. Other constituents of a meal influence the 
absorption of iron. Phytates, oxalates and phosphates present in plant 
foods can inhibit absorption, as can tannin in tea. Fibre may also 
inhibit absorption. Vitamin C greatly increases the absorption of non-
haem iron. Foods rich in vitamin C include citrus fruits, green peppers, 
and fresh leafy green vegetables. Citric acid, sugars, amino acids and 
alcohol can also promote iron absorption. Iron absorption can also be 
influenced by the amount of iron in the diet. Lowered levels of iron in 
the diet result in improved absorption. Good sources of iron for 
vegetarians include wholegrain cereals and flours, leafy green 
vegetables, blackstrap molasses, pulses such asIentiis and kidney 
beans, and some dried fruits. 
Iron deficiency 
Iron deficiency is one of the commonest nutritional deficiencies in 
the world. There are two major causes of iron deficiency: blood loss 
and inadequate iron intake. The recognition of iron deficiency 
depends on three-laboratory test (Cook JD.1982). The first is plasma 
ferritin, which provides a simple reliable estimate of iron stores, 
provided inflammation has been excluded. The second measurement 
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is transferrin saturation, which is a gauge of iron supply to tissue. 
When the value is less than 16%, normal erythropoiesis is impaired 
due to a deficient iron supply. The third measurement is red cell 
protoporphyrin. 
Dwyer et a\ (1982) reported mild iron deficiency in 25% of 
preschool vegetarian children despite normal intakes of iron. In adult 
lacto-ovo-vegetarians, Bindra and Gibson (Bindra GS& Gibson 
RS.1986) also found a high prevalence of Fe deficiency with normal 
dietary iron intakes. In new vegans (Helman AD& Darnton-Hi.ll I. 1987) 
low Fe stores as measured by serum ferritin were found in 27% of the 
females, and 10% had values<10^ig/L. Low serum ferritin has also 
been found in lacto-ovo-vegetarian students (McEndree LS, Kies 
CV.1983). In contrast other studies have not found problems in iron 
status of vegetarians (Anderson BM. et al.1981& Latta D, Liebman 
M.1984& Hardinge MC, Stare FJ.1954). 
2.2.5 Vitamins: The functions of vitamins in metabolic processes 
mean that their requirements are determined by intakes of energy, 
protein, and saturated fats. Vitamin D is present in oily fish, eggs and 
dairy products in variable amounts. It is not found in plant foods. 
However, vegans can obtain vitamin 0 from vegetable margarines, 
some soya milks and certain other foods, which are fortified with the 
vitamin. The skin also synthesizes Vitamin D when exposed to 
sunlight. Synthesis of vitamin D in this way is usually adequate to 
supply all the body's requirements. Most vegans will obtain sufficient 
vitamin D providing they spend time outdoors on bright days. 
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Vitamin B12 is found primarily in meat, dairy products and eggs and is 
absent in plant foods. Considerable research has been carried out to 
find the possible plant sources of B12. Fermented Soya products, 
seaweeds and algae such as spirulina have been proposed as 
containing significant amounts of B12. However, the present 
consensus is that any B12 present in plant foods is likely to be in a 
form unavailable to humans and so these foods should not be relied 
upon as safe sources. Vitamin B12 is important in the formation of red 
blood cells and the maintenance of a healthy nervous system. Vegans 
can obtain B12 from a wide range of foods, which have been fortified 
with the vitamin. These include certain yeast extracts, veggieburger 
mixes, breakfast cereals, vegetable margarines and soya milks. 
Zemlianskaia TA et al. (1991) studies have found vitamin B12 
and vitamin D deficiency in vegetarians. Helman AD, Darnton-hill I. 
(1987) assessed the biochemical status of a number of vitamins and 
iron in a group of new vegetarians. Result showed that serum vitamin 
B12 was significantly lower in vegetarians, and iron status as 
measured by serum ferritin was very lower in vegetarians. 
2.2.6 Sources of important nutrients in vegetarian diets; Soy protein, a 
legume high in protein and unsaturated fat, is particularly useful in 
vegetarian diets because it contained all eight essential amino acids 
in abundance. Soybeans must be cooked or roasted before 
processing. The addition of dairy products, with or without eggs, to a 
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selection of legumes and whole grains, along with the use of 
vegetable oils that provide polyunsaturated fatty acids, will constitute 
a nutritious diets. Legumes contribute fibre as well as B vitamins and 
iron, and whole grains provide carbohydrates, protein, thiamin, and 
iron. Both are good source of trace elements. Table 2 lists a variety of 
non-meat food sources that contain some important nutrients. 
2.3 Growth and development in vegetarian children 
2.3.1Growth ofomnivores children 
Every child is different in his or her nutrient requirements based 
on factors such as chronological age, individual growth rate, stage of 
maturation, level of physical activity, and the efficiency of absorption 
and utilization of nutrients. There are guidelines, such as 
recommended daily allowance (RDAs), which give general indications 
of needed nutrients for growth. Growth charts are another important 
tool. If the child's growth is appropriate, it can be generally assumed 
that nutritional intake is adequate. Health problems unrelated to 
growth could occur, for example, anemia, but generally such problems 
usually associate with poor growth. 
2.3.2 Growth ofvegetarian children 
Growth is a good indicator of a child's general health and 
nutritional status. The growth of young children in the west who 
consume vegetarian diets has rarely been studied. This is not 
surprising since vegetarians constitute only a small proportion of the 
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total pediatric population and until a decade ago reports on disordered 
growth associated with vegetarianism were few 
In 1982, Dwyer et al. reported the results from a preliminary 
investigation into the nutritional status of a group of 39 preschool 
children who followed either a macrobiotic diet or one of the other 
types of vegetarian diets. The children were shorter in stature but not 
lighter than National Center for Health Statistics (NCHS) Standards. 
(1979) Approximately 80% of the children were under the 50th 
percentile for height. In all but six cases, the children were shorter 
than that might be expected from the mid parental height. However, 
the relatively small number of studied children limited the conclusion 
that could be drawn. 
Dwyer and his colleagues (Dwyer JT, Andrew EM et al. 1983) 
later studied the growth patterns of a larger sample of 142 vegetarian 
and 299 nonvegetarian children, ages 3 weeks to 6 years old. The 
height and weight of the children were measured and then fitted to 
growth curves using Jenss and Bayley's ( Jenss R, Bayley N.1937 ) 
regression equation. Height and weight of the vegetarians were equal 
to or lower than those for the normative population at all ages, 
irrespective of parental size and birth weight. The actual variation 
between the two groups did not exceed 2.0 cm in height or 1.0 kg in 
weight. In addition, the authors found that the most striking differences 
in height and weight between the vegetarian and normative group 
occurred when the children were 12 to 35 months old. This was the 
2 0 
approximate time that most of the children were weaned off from 
breast milk and started on their respective diets. These results 
provided some evidence that a vegetarian diet in young children does 
affect growth patterns, though the observed difference was slight. 
In Great Britain. Sanders and Purves ( Sanders TAB, Purves 
R.1981) assessed the nutritional and growth status of 23 children on 
vegan diets. Energy intake, in ail but two children, was below levels 
recommended by the Department of Health and Social Security 
(DHSS, 1979). Furthermore, although the anthropometric 
measurements of height and weight showed the children to be within 
normal ranges, they were below the 50th percentile when compared 
with normative standards. This finding is similar to that from Dwyer 
and collegues (Dwyer JT, Andrew EM et aL 1983). 
Sanders recently reported on the follow up status of the above 
vegan children, together with another 16 new cohort children. Again 
intake were below those found in nonvegetarian children, and this 
difference was greatest in the 2 to 4-year old age group. Although the 
« 
energy intakes for the vegetarian children were below the UK 
recommended daily allowance, the growth of the vegan children was 
essentially normal. At most, there was a tendency, especially for the 
boys, to be slightly smaller in stature and lighter in weight than 
nonvegetarian children. 
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Similar investigations on vegetarian practices and growth and 
development of children have been conducted in The Netherlands. 
Van Staveren and Dagnelie ( Van Staveren WA. Dagnelie PC. 1988) 
reviewed four studies that addressed this issue. Based on the results 
of the investigations, they concluded that only children raised on 
macrobiotic diets, the strictest form of vegetarianism, are at risk for 
retarded growth. In addition, once growth is depressed, there does not 
appear to be a point at which the children can catch up the normative 
sample. 
2.4 Long term effect on health 
Long term use of vegetarian diets have its benefits and risks. 
Many possible health benefits of a vegetarian diets were documented 
among adults, including a lower incidence of cancer and heart 
disease (Torogood et al. 1994). It is not know whether vegetarian 
children can also enjoy such benefits, that is whether a vegetarian diet 
in childhood can lay the foundations for reductions in adult morbidity 
and mortality. 
Nutritional deficiencies reported among vegetarian children have 
included rickets(Dwyer et al. 1979; Curtis et a/. 1983; Hellebostad et 
a\. 1985), anemia(Dwyer et al. 1982; Dagnelie et al. 1989), viaminB12 
deficiency( Specker et al. 1990) and lower than expected blood Zn 
levels(Smit-Vanderkooy & Giboson，1987)，vitamin B1, B2,B6 
status(Vudhivai N. et a/.1992) below than nonvegetarians. These 
deficiencies, however, have been reported only in children following 
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the most restricted vegetarian diets. 
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Chapter 3 A review of local Studies on Nutritional Status of Hong 
Kong Children 
3.1 Nutrient intake of omnivorous children 
In the 80s, Leung performed a longitudinal cohort study, "the 
growth and nutrition study" of 174 full-term healthy infants who were 
recruited from one of the local well baby clinics. They were followed 
up 2-monthly in the first year, 3-monthly in the second, 6-monthly in 
the third and then yearly. This study provided useful information to 
the overview health and nutritional status of local children. It was 
found that nutritional deficiencies were not present in the cohort 
children during infancy and the first few years of life. Their weight gain 
was normal, with growth patterns comparable to well-nourished 
babies such as Cambridge babies at that time (Leung, 1988 ). 
At 7 years, 70 boys and 54 girls remained in the study. Dietary 
intakes were assessed using dietary history combined with 24-hour 
recall and food frequency methods. It was found that the average 
intake of energy was 1674 土土 446 kcal. The energy source was mainly 
from cereals (40.2%) and secondly from meat and meat products 
(17.3%). Other food source (% energy) includes milk and milk 
products (9.5%), vegetables and fruits (6.7%)，beverage (6.3%), eggs 
(4.0%), fish (3.8%), dim sum and fast food (6.6%). Distribution of 
energy source by macronutrients was 52.8% from carbohydrates, 
29.3% from fat and 18.5% from protein. The PS ratio was 0.46 ±± 
0.14, meant that「elative high proportion of fat consumed was in the 
form of saturated fat. 
The study also found that weight and skinfold thickness began 
to show skewness from 2 years onwards to the heavy and obese side. 
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At seven years, the prevalence of obesity was about 5%. Both total 
cholesterol (TC) and LDL-C were high, and were higher than children 
of similar age in America. Although it may seem early to suggest high 
serum TC levels or prevalence of obesity in Hong Kong children will 
predispose to hypercholesterolemia in adulthood or other health 
problems in later life, the findings indicated evaluation of dietary 
practice and lifestyle may be necessary. 
3.2 Calcium Intake and Bone Mineral Content of Hong Kong Children 
In the same cohort, calcium intake and calcium requirement 
was studied. Calcium intake of Hong Kong children has long been 
queried by many researchers to be low. In 1991, a study was 
conducted locally to measure the true fractional calcium absorption 
employing a technique which used double-labelled stable calcium 
isotope. Thirty four seven-year-old children with calcium intakes 
ranging from 172 to 1641 mg/d were studied. It was found that the 
mean true fractional calcium absorption was 63% and 55% in children 
whose daily calcium intake was below 500mg and above 500mg 
respectively. Both absorption rates were much higher than those 
reported in Caucasian children. The study indicated that the 
requirement for calcium intake in Chinese could differ markedly from 
that of Caucasians. (Leung et al., 1995) Based on the above study, 
the mean calcium requirement for Chinese children was estimated to 
be around 500mg. 
Estimating Calcium Nutritional Status by Measuring Bone Mineral 
Contenty^Bone Mineral Density 
In addition to dietary assessment, bone mineral content or 
density was also used to assess the calcium nutritional status. The 
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development of advanced technique of single photon densitometry 
and dual energy X-ray adsorptiometry in 1960s provided nonivasive 
means to study the bone mineral content of children and adolescents. 
At 1980s, the development of DEXA improved the bone scanning 
technique and allowed a more accurate and safe bone mineral 
content measurement. 
With these two techniques, the bone mineral content of Hong 
Kong Chinese children and adolescents was measured. These 
children belonged to two cohort studies. The first cohort were the 
children who belongs to Leung's “ Growth and nutrition study". The 
second cohort belonged to newly admitted students of a secondary 
school. For the first cohort, single photon densitometry was used to 
measure their bone mineral content at the ages of 5, 7，and 9 years; 
whereas dual energy densitometry was used to measure their bone 
mineral content at the ages of 7，9，10 and 11 years. The second 
cohort were under yearly follow up for another two years. At each 
visit, both single photon densitometer and dual energy densitometer 
were used for the measurement. Moreover, their dietary intake was 
also assessed. The study provides useful reference for the bone 
mineral content and density of Chinese children and adolescents. 
3.3 Growth Standards for Hong Kong children 
A territory wide cross-sectional growth survey, covering 25,000 
Chinese children from birth to 18 years was performed in 1993 by the 
Faculty of Medicine. The Chinese University of Hong Kong in 
collaboration with the Department of Health and doctors of the 
Hospital Authority. Subjects include student studying in 49 schools 
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and infants attending 8 maternal and child health clinic, all randomly 
chosen to represent Hong Kong children. There were 500-800 
subjects per sex per year. Growth parameters measured included 
weight for age, height for age, head circumference, sitting height, 
menarcheal age and other pubertal changes, triceps and subscapual 
skinfold thickness. 
Such growth references were slightly different from that of the 
Caucasians and other ethnic groups. With differences in dietary 
habits, staple foods, cooking practices and cultural taboos， local 
growth references are more appropriate for our vegetarian children. 
In this study 10-13 % of children from 6-18 years were obese, i.e. 
weight above 120 % median weight for height. 
3.4 An overview of the present nutritional status of Hong Kong 
children 
Hong Kong is now in a stage of rapid transition. Dietary pattern 
and food selections have been shifted from a traditional diet to a 
modernized and westernized way. Furthermore, overnutrition in 
childhood has becoming to be seen. The general view about 
vegetarian diet is that there is a general concern about reducing or 
avoiding animal products may impair children's growth. 
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Chapter 4: A review of methods of dietary assessment and 
anthropometric evaluation 
4.1 Dietary assessment 
Measurement of nutrient intake is probably the most widely used 
indirect indicator of nutritional status. An accurate assessment of nutrient 
intake of free living individuals is a difficult and labor intensive exercise. 
There are a number of different dietary assessment methods. Each 
method possesses certain advantages and disadvantages. 
4.1.1. Methods for collecting dietary intake data 
Rebert D. Lee (1993) and Rosalind S. Gibson (1990) summarized 
the methods for collecting dietary intake as followed: 
(I) Food Recording Method 
Youmans et al. (1942) were the first to measure individual food habits in 
a group by using standard cups, teaspoons or tablespoons, etc. Dietary 
record can provided detailed foods intake and amounts of all foods and 
beverages consumed for a period of time, usually 3-7 days. Food and 
beverage consumption can be quantified by estimating portion sizes; 
using household measures, or weighing the food or beverage on scales. 
Standard household measuring cups, tablespoons, and teaspoons are 
also used to measure the portion intake. This method is sometimes 
referred to as the estimated food record, this method does not rely on 
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memory, can provide detailed intake data, however it requires a high 
degree of respondent's cooperation, and may result in alterations of diet. 
Accuracy depends on conscientiousness of subject and ability to 
estimate quantities. Longer time frames result in a higher respondent 
burden and a lower co-operation. 
McHery et aL (1945) assessed the reliability of the 7-day record 
for every first week over a 12 months period. The authors indicated that 
there were substantial variations in nutrient intakes, which was 
attributable to personal and seasonal factors. 
(II) 24- hour Recall Method 
In the twenty- four-hour recall method, subjects, their parents, or 
caretakers are asked by the nutritionist, who has been trained in 
interviewing techniques, to recall the subject's exact food intake during 
the previous twenty-four-hour period or preceding day. Detailed 
descriptions of all foods and beverages consumed, including cooking 
methods and brand names, are recorded by the interviews. Quantities of 
foods consumed are usually estimated- in household measures and 
entered in data sheet. 
Linusson et al (1974) validated the 24-hour recall method with 
food weighing technique. They concluded that the 24-hour recall method 
29 
is fairly accurate for estimating food in quantity. Despite the fact that 24-
hour recall is of limited value in characterizing individual dietary habits 
and also it is not an accurate estimate of usual intake, it is a good 
method for a population study if the sample size is relatively large. 
The 24-hour recall is most widely use, because it's easy to 
administer, quick, and simple. Also it can be used to estimate nutrient 
intake of groups. Multiple recalls can be used to estimate nutrient intake 
of individuals. The success of twenty-four-hour recall depends on the 
subject's memory, the ability of respondent to convey accurate estimates 
of portion size consumed and the degree of motivation of the interviewer 
(Acheson et ai. 1980). 
(III) Dietary History Method 
Burke first develops the dietary history method in 1947. It is used 
to assess an individual's usual dietary intake over an extended period of 
time such as the past month or year. Burke's method involved several 
steps. The first component consists of a twenty-four-hour recall of actual 
intake, and collection of general information on the overall-eating pattern 
of the subject. The information includes detailed descriptions of foods, 
common household measures and usual portion sizes. Typical question 
might be "What do you usually eat fo「lunch? “ The second component 
serves as a "cross-check" on the data given in step one. It includes 
3 0 
questionnaire on frequency of consumption of specific food items, eating 
pattern, and asking specific questions about the respondent's dietary 
references and habits. Questions asked may include" Do you like or 
dislike coffee? “ The third component consists of three-day food record 
using household measures, which serves as an additional means of 
checking the usual intake. 
Example: The dietary history interview started with a typical 
question like" How often does the children eat breakfast?" This question 
required the parent to indicate the frequency of breakfast taken. The 
children or the parent gave answer such as “ sometimes", “ quite a lot" or 
“ rarely", etc. The next question would be “ What does the child usually 
eat for breakfast?" The parent was expected to give a list of food items 
usually taken by the child at breakfast. Then the reply might be, say," He 
has rice, bread, noodle or congee..." It was necessary to clarify what 
kinds of bread, noodle, and congee at there is wide variation for each 
food. The cooking methods for preparing these foods were also obtained. 
Furthermore, the kind of beverages that the child might drink at breakfast 
was asked. If a child usually had a glass of hot milk Horlick for breakfast, 
the type of milk (either fresh milk, evaporated milk, sweetened 
condensed milk, or milk power, etc.) and the sugar was added was also 
asked. 
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An array of household measures, including different sizes of 
spoons, cups, glasses and bowls are on display to facilitate the 
description of the amount of food, which is usually eaten by the child. 
For any composite dishes, the recipe, the amount of raw ingredients 
used, the cooking methods, the total number of portions derived from the 
dish and the description of the portion eaten by the child would be 
obtained. In general, dietary history methods provide qualitative, not 
quantitative, data on usual food intake over a period of several weeks or 
months. 
(IV) Food frequency questionnaire: 
Food frequency questionnaire (FFQ) has become widely used, 
particularly in epidemiological studies. Wiehl & Reed (1960) were the 
first to suggest the use of questionnaire in epidemiological studies of 
cardiovascular disease. This questionnaire consisted of a short list of 
selected food item. The record was only qualitative by estimate of 
varation in eating habits. The authors believed that if a group of 
individuals could be differentiated by “ use “ or “ non-use “ "frequency “ 
or “ infrequency “ use of selected food on the list, then such 
characteristics could be tested for disease association. A food frequency 
questionnaire is designed to obtain qualitative, descriptive information 
about usual food consumption patterns. It does not generally provide 
quantitative data on food or nutrient intakes. The questionnaire consist of 
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two components: (1) a list of foods and (2) a set of frequency-of-use 
response categories. Sometimes, the food frequency questionnaire 
attempts to quantify usual portion size of food items of interest, with or 
without the use of food models or photographs ( Epstein et al., 1970; Jain 
etal., 1982). 
Two remarkable features of food frequency questionnaire are its 
simplicity and requiring shorter period of time for obtaining dietary 
information. Stefanik & Trulson ( 1962) described a questionnaire lasting 
20-35 minutes in which nutritionists asked subjects how often they ate 
the 41 items of food. Abramson et al. (1963) included questions on both 
frequency of consumption and amounts of food with an aid of household 
measures and food samples in a 30-minute interview. A number of 
questionnaires have been subsequently developed either self-
administered by the subjects or completed by interviewers at a short 
interview (Bingham, 1987). 
It is a comprehensive lists or list of specific food items to record 
intakes over a given period (day, week, month, year). Record is obtained 
by interview, or self-administered questionnaire when subjects asked to 
quantify usual portion sizes of food items, with or without the use of food 
model. Frequency questionnaire this method is rapid with low 
respondent burden and high response rate but accuracy is lower than 
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other methods. 
(v) Food Weight Method 
A weight food record is the most precise method available for 
estimating usual food and/ or nutrient intakes of individuals. The subject, 
parent, or caretaker is instructed to weight all foods and beverages 
consumed by the subject during a specific time period. Details of 
methods of food preparation, description of foods, and brand names 
should also be recorded. For composite dishes such as spaghetti 
bolognese, weights of all raw ingredients used in the recipe should 
should be noted, as well as the weight of the portion consumed and the 
final weight of the composite dish. Respondents may require assistance 
in recalling food items if specific details and / or weights have been 
unintentionally omitted. 
Nowadays, the subjects are usually provided with a digital 
electronic scale with a tare button for food weighing. Individual food items 
are weighed before eating. With the tare button, the subject can read out 
directly the weight of an individual food while conducting additive 
weighing without any calculation (Marr, 1961; Marr, 1965). Thus, it avoids 
additions and subtractions. As a result of using digital electronic scales in 
weighed intake survey, the accuracy of weighing records has been 
improved (Bingham 1987). 
Marr (1971) started that a 7-day period would appear to be 
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adequate to carry out weighed intake survey. A period less than 7-days 
might underestimate the daily variations. If the study period is more than 
7 days, there might be a lack of cooperation and motivation from the 
subjects. 
There are limitations in weighed intake method. Respondent must 
be motivated. Respondents may change their usual eating pattern to 
simplify the measuring or weighing process, or, alternatively, to impress 
the investigator (Pekkarinen, 1970; Marr, 1971; Burk and Pao, 1976). 
Respondent burden for food records is higher than for the twenty-four-
hour recall, so that individual may be less willing to co-operate. 
4.1.2 Selecting an appropriate method 
There is no ideal method for assessing food or nutrient intakes, 
the choice depends primarily on the objectives of the study. None of the 
current methods are devoid of systematic errors, or prevent alterations in 
the food habits of the subjects. 
4.1.3 Food composition tables: -
Nutrient values in food composition tables are based on a 
quantitative analysis of sample of each food. In some food composition 
tables, other items related to food composition such as dietary fiber, pH, 
and total solids are also indicated. The earliest known data on nutrient 
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composition was reported in 1795, which analyzed the composition of 
potatoes. W . 〇 . A t w a t e r and C. D. Woods published the first 
comprehensive table for American foods in 1896 as USDA Bulletin NO. 
28. The chemical composition of American food materials. The USDA 
maintains the most comprehensive system for collecting food 
composition data in the world, including several published tables and 
computerized databases. In Hong Kong most available food tables are 
mainly from abroad, almost from Chinese food table. Most Chinese Food 
or dishes may not be available from foreign food tables, e.g. dim Sum, 
Shark fin soup and rice congee, etc. The Growth and Nutrition Research 
Team at the Department of Pediatrics, The Chinese University of Hong 
Kong has complied a food table for computing dietary data. It‘s from 
China (Institute of Health 1980)，Britain (Paul & Souyhgate，1978)， 
Taiwan ( Tung et al. 7961) and USA (Church & Church，1975; US Dept. 
of Health, Education and Welfare 1972; Watt & Merrill，1983). In some 
cases, there are different types in vegetarian foods, such as vegetarian 
fish, vegetarian Prawns, the amount of nutrients in vegetarian foods was 
estimated according to the quantity of the ingredients stated by the 
respective manufactures. -
4.2Anthropometric assessment of growth 
The most widely used anthropometric measurements of growth 
are those of (height or length) and body weight. Details of the 
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Standardized procedures for these growth measurements are 
summarized below, and are given in detail in Lohman et al. (1988). 
Indices such as head circumference for age, weight for age, weight for 
height, and numerical weight: stature ratio are derived from these 
measurement. 
4.2.1 Measurement of height 
Children over two years of age and adults are generally measured 
in the standing position using a stadiometer or portable anthropometer. 
Our standardized method is the use of Harpeden stadiometer. 
When measuring height, the subject stands straight with the head 
positioned such that the Frankfurt plane is horizontal, feet together, 
knees straight, and heels, buttocks, and shoulder blades in contact with 
the vertical surface of the stadiometer, anthropometer, or wall. Arms 
should be hanging loosely at the sides with the vertical facing the thighs; 
the head is not necessarily in contact with the vertical surface. Subjects 
are asked to take a deep breath and stand tall to aid the straightening of 
the spine. Shoulders should be relaxed. The height measurement is 
taken at maximum inspiration, with the examiner's eyes level with the 
headboard to avoid reading falls between two values, the lower reading 
is always recorded (Cameron, 1986). 
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4.2.2 Measurement of weight 
Children should preferably be weighted after the bladder was 
emptied, and before a meal .The subject should stand unassisted in the 
center of the platform, and be asked to look straight ahead, standing 
relaxed but still, preferably in the nude. Body weight should be recorded 
to the nearest 0.1kg (Weiner and Lourie, 1969; Nutrition Canada, 1980). 
4.3 Body evaluation measurement 
A well-known and widely applied model for studying body 
composition in humans is the two-component model (Lukski HC.1987). 
This model divides the human body into two components, one consisting 
of pure fat (fat mass) and one consisting of all nonfat material (fat-free 
mass). The basis of the two-component model stems from results of 
cadaver analyzes. Body fat is deposited in two major types of storage 
site: one for essential lipids, and the other for general fat storage. 
Essential lipids are found in the bone marrow, central nervous system, 
mammary glands, and other organs, and are required for normal 
physiological functioning; fat from these sites makes up about 9% (4.9 
kg) of body weight in reference woman_and 3% (2.1 kg) in reference 
man. Storage fat consists of inter and intramuscular fat, fat surrounding 
the organs and gastrointestinal tract，and subcutaneous fat ( Lohman, 
1981 ). Body fat can be measured either in absolute terms (the weight of 
total body fat, expressed in kilograms) or as a percentage of the total 
3 8 
body weight (Roche etal, 1981). 
4.3.1 Using of skinfold thickness measurement to assess body fat 
Skinfold thickness measurements provide an estimate of the size 
of the subcutaneous fat depot, which in turn provide an estimate of the 
total body fat ( Durnin and Rahaman，1967). This approach is based 
upon two assumptions: the thickness of the subcutaneous adipose tissue 
reflects a constant proportion of the total body fat and the sites selected 
for measurement represent the average thickness of the subcutaneous 
adipose tissue (Lukaski 1987). The technique of picking up the fold of 
subcutaneous tissue measured by the skinfold caliper is often referred to 
as a ‘ pinch ‘(Tanner and Whitehouse, 1975;Durine and Rahaman, 
1967). Skinfolds can only be measured accurately at sites where a 
proper fold can be raised clear of the tissues underneath. 
Siervogel et al (1982) concluded that the triceps skinfold was the 
most representative of the total subcutaneous layerfor boys up to sixteen 
years of age, whereas for adult males both subscapular and midaxillary 
sites were equally representative. Sloan et al (1962) reported that the 
suprailiac skinfold was the best single index of total skinfold thickness for 
young women. Roche et al (1981) emphasized that the most appropriate 
skinfold site also depends on whether total body fat or percentage body 
fat is the parameter of interest. They found that the triceps skinfold 
provided that the best estimate of percentage body fat in children and 
3 9 
adult women, but not in adult men. For assessment of total body fat in 
girls and adults, no single skinfold measurement was regarded as 
adequate; instead, Quetelet's index was preferred (body mass index). 
The discussion above emphasizes the problems of using single skinfolds 
to assess total body fat or percentage body fat. The site, however 
appears to be suitable for the assessment of percentage body fat in 
women and children only. 
4.3.2 Mid-upper arm circumference 
The arm contains subcutaneous fat and muscle; a decrease in mid 
arm circumference may therefore reflect either a reduction in muscle 
mass, or a reduction in subcutaneous tissue, or both. Mid arm 
circumference, either alone or combined with triceps skinfold thickness 
for calculating mid arm muscle circumference or muscle area, provides 
estimates of various accuracy protein reserves in the body, and hence 
protein nutritional status. Mid arm muscle area is preferable to 
circumference, because it reflects more adequately the true magnitude of 
tissue changes. (Frisan-cho, 1981). Mid arm muscle circumference 
(MCAC) can be calculated by measuring _mid arm circumference (MAC) 
and triceps skinfold thickness (TSF). The equation is MAC (cm)-
:3.14*TSF(CM)]. Nevertheless, the equation overestimates mid arm 
muscle area by 20% to 25%. ( Heymsfield et al, 1982). Revised 
equations have been developed but are not validated for use with the 
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elderly and are inappropriate for the obese. None of the anthropometric 
indices are sensitive enough to monitor small changes in body fat or fat-
free mass, which may arise after short-term nutritional support or 
deprivation. 
4.4 Calculation of body fat from skinfold measurements 
Skinfold thickness measurement provides an estimation of the 
amount of subcutaneous fat, which correlate well with total body fat as 
assessed by densitometry (Westrate & Deurenberg 1989). 
The sum of bicipital, tricipital, subscapular, and suprailiacal 
skinfold thickness is related to total body density by the use of 
theoretically defined prediction equations. Skinfold thickness can predict 
body density and different age groups have their own equation for 
predicting their body density (Westrate & Deurenberg 1989). 
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Age group sex equation for predicting 
density(D) 
prepubertal M D= 1.1690-0.0788 x log 
sum of 
Children skinfold at 4 sites 
(Brook 1971) of F D= 1.2063-0.0999 x log 
sum 
skinfold at 4 sites 
13-15 years M D= 1.1533-0.0643x log 
sum of 
skinfold at 4 sites 
(Durnin & 
Rahaman 1967) F D= 1.1369-0.0643x log 
sum of 
skinfold at 4 sites 
16-19years M D= 1.1620-0.0630x log 
sum of 
skinfold at 4 sites 
(Durnin & 
Womersly 1974) F D= 1.1549-0.0630x log 
‘ sum of 
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skinfold at 4 sites 
20-29 y e a r s “ M D=1.1631-0.0632x log 
sum of 
skinfold at 4 sites 
(Durnin & 
Womersly 1974) F D=1.1599-0.0717x log 
sum of 
skonfold at 4 sites 
In children the diagnosis of obesity is based on age-and sex-specific 
reference standards forweight-for height, skinfold thicknesses, or weight-
height indices ( Cronk CE, Roche AF, 1982 ； Rolland-Cachera et al 
,1982; Tanner JM, Whitehouse RH, 1975; Tanner JM, Whitehouse RH, 
1962 ). Percentage of body fat (F) from multiple skinfold measurements 
is the selection of an equation relating fat content to body density (D). 
Several equations have been derived. Different authors use different 
values for the density offat and fat-free mass. 
%F={4.95/D-4.50}x100% (Siri, 1961) 
o/oF= {4.570/D-4.142} x100% (Brozek et al, 1963) 
The Siri equation assumes that the density of fat is 0.900g/cc and that 
the density of fat-free body is 1.100g/cc. The equations of Brozek et al. 
(1963) and Rathburn and Pace (1945) are based on the concept of a 
reference man of a specified density and composition and avoid the 
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requirement of estimating the density of fat-free mass. 
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Chapter 5 Subjects, Methods 
5.1 Subjects 
During the period from January to August in 1996， 
advertisements about the study were published in local magazine. 
The information was then spread word of mouth to relatives and 
neighbors. Several contacts were made to the groups: Seven-Day 
Adventists, Buddhists, Taoists and the vegetarian societies. The 
response was satisfactory. After establishing eligibility, 54 children 
were willing to participate and were registered through telephone. 
Written consents were completed when they came for anthropometric 
measurements. 
Since their parents were vegetarians for religious purpose, their 
children followed the eating habits of the parents since they were 
born. Two children defaulted follow up were therefore seciuded. 
Finally fifty-two participants (26 boys, 26girls), completed ail parts of 
the investigation. 
A vegetarian diet was defined as one that contained no meat or 
meat products and no fish. All subjects practised vegetarian diet for at 
least one year. The occupation of parents in the study group was 
showed in Table 3. 
5.2 Methods 
Each subject was told through telephone to record on a piece of 
paper all he/she had consumed over a week, including all the meals 
and snacks during the day, before they came for dietary interview. 
i t i H M ^ 
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The amount consumed was described in form of usual household 
utensils, such as bowls, tea's spoon, tablespoon, glass etc. Their 
parents were asked to assist their children to record their dietary data. 
In the follow-up visit, a detailed dietary assessment, anthropometric 
measurements, and selected biochemical indices were carried out for 
each subject. 
5.2 .1 Anthropometric Measurement 
Anthropometric Measurements included body weight, height, 
skinfold thickness, waist and hip circumference and the waist-to-hip 
ratio (WHR) for the assessment of adiposity. All measurements were 
formulated by stand methods (Cameron, 1984). Growth data were 
analyzed using the local Hong Kong growth reference charts (Leung, 
1994) 
5.2.2 Weight (wt) 
Body weight was obtained using an electronic body weight scale 
(Seca Delta Model 707). The subject stood still on the center of the 
platform with the body weight evenly distributed between both feet, 
i 
i 
I unassisted, looking straight ahead, relaxed with light indoor clothing, 
i ！ 
without shoes and sweater. Weight was recorded to the nearest 0.1 
:丨 
3 
j kg. Subjects whose weight below 80% median weight for height were 
I 
I 
I defined as wasting while whose weight above 120%median weight for 
I 
I height were defined as obesity. The Z-score is a measure of relative 
5 _ -
i ] 
I standing in a data set. It is a single figure that in-indicates whether a 
I 
3 _. \ 
•J 
• : i 
j 
i . j 
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score is higher or lower than the average for a population. A Z-score 
is found by subtracting the population mean from the sample mean, 
and then diving by the standard deviation for the population (you 
divide by the standard error with small sample sizes less than 30). A 
Z-score of +2.0 indicates that the score is 2 standard deviations 
above the mean. 
5.2.3 Height (ht) 
Body weight was measured using the Harpenden Stadiometer. 
Standing height was taken without shoes and socks, the subject 
standing with his heels and back in contact with an upright wall. His 
head was held so that he looked straight for ward with the lower 
borders of the eye sockets in the same horizontal plane as the 
external auditory meat (i.e. Frankfurt plane). A right-angled block 
(preferably counterweight) was then slid down the wall until its bottom 
surface touched the subject's head, and a scale fixed to the wall was 
read. The observer measured height to the nearest one-tenth 
centimeter. Height below 3rd percentile was defined as stunting or 
short stature. 
5.2.4 Skinfold Thickness 
The subjects were measured on the-left side of the body using 
Holtain caliper. The skinfold thickness has 4 sites: triceps (TRSF), 
biceps (BISF), subscapular (SUBSF) and suprailiac (SUPSF) were 
measured for each subject on the left side of the body. 
The subject stood in a relaxed condition. The measurer picked up 
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a fold skin and subcutaneous tissue between the thumb and forefinger 
of the left hand initially place about 2 cm apart on the skin and 
pinching it away from the underlying muscle. The Holtain skinfold 
caliper was held in the right hand with the dial upwards and with the 
jaws applied to the skinfold just under the pinch point, which was 
maintained by the left hand throughout the measurement. In almost 
but should come to a half within a few seconds at which time the 
reading is taken to the last completed 0.1mm. 
(I) Triceps skinfold 
The measurement of the triceps skinfold is performed at the 
midpoint of the upper left arm，between the acromion process and tip 
of the olecranon, with the arm hanging relaxed. To make the midpoint, 
the left arm is bent 90 and the forearm is placed plam down across 
the body. The examiner grasps a vertical fold of skin plus the 
underlying fat, 1 cm above the tip of oIectranon process, using the 
thumb and forefinger. 
(II) Biceps skinford 
The biceps skinfold was measured as the thickness of a vertical 
fold on the front of the upper left arm, directly above the center of the 
cubital fossa, as the same level as the triceps skinfold. 
(III) Subscapular skinfold 
The subject stands with his/ her back to the observer and his/ her 
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shoulders relaxed and arms hanging loosely at his sides. Skinfold is 
grasped at the marked site with the fingers on top, thumb below, and 
fore finger on the site at the lower tip of the scapular. 
(IV) Suprailiac skinfold 
The point of measurement for the supi-iliac skinfold is 1 cm above 
2 cm medial to the anterior superior iliac spine. The skinfold was 
picked up with a sweep of the middle finger and thumb and is a 
vertical skinfold. 
5.2.5 Obesity identification 
Two indices were used in children. For children, if body fat 
content >30% was used to defined obesity in prepubertal. (Westrates 
et al, 1989). The body density of each subject was calculated using 
Book's modified equation, which was derived from the sum of skinfold 
thickness from 4 sites and was, considered to be more appropriate for 
prepubertal children. Then Siri's equation was used to calculate body 
fat percentage. Another one is growth standard (weight for height 
standard) to be constructed. Children whose weight was above 120% 
median weight for height were defined as-obesity. 
5.3 Evaluation of bone mass in vivo 
The techniques selected to quantify bone mass in the present 
study 
Calcium nutritional status was assessed by dietary calcium intake and 
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bone mineralisation. The technique of dual energy x-ray 
absorptiometry was used in the present study to quantify bone mass 
at the lumbar spine (L2-L4)_ The BMC results of girls were compared 
to the normal reference in the same population (Leung et al. 1997). 
There were no local references for our boys can compare with. 
5.4 Dietary Assessment 
Method used was that of an established food frequency method 
employed for the local children( Leung et al. 1994 ) and adult dietary 
surveys( Leung etal. 1995 ). 
(I) Seven days food record 
Each subject was explained about the study by telephone, 
consented in writing before investigation. A complete record of 7 day's 
meals. (Including the quantity of breakfast, lunch，dinner, snacks, and 
water) was made by children under supervision of parent. The author 
conducted dietary interviews with the parent especially mother and 
child. If the mother could not come with the child, the grandparents or 
father who were living with the studied children would be invited to the 
interview. Based on their self-made diet records in the past week and 
the ingredients of the food they had taken, researchers worked out 
their intakes of various ingredients and filled out a diet questionnaire. 
(II) Food frequency questionnaire 
'! 
：! A food frequency questionnaire is designed to obtain qualitative, 
descriptive information about usual food consumption patterns. The 




with which certain food items or food groups are consumed during a 
specified time. In addition, the categorization of different sources of 
nutrients into the selected food groups facilitated systematic reporting 
and recording by the subjects respectively. Also, reporting food items 
eaten in respect to these selected food groups would give a picture of 
the of constituents vegetarian diet. For example, when a parent was 
asked the usual intake of dairy products, the question would be" How 
often will the child take dairy products, milk, ice cream, cheese, 
yogurt, etc." It would request the parent to think about the relevant 
food items in each food group. Each subject was asked to complete 
questionnaire-the food item, the size of each portion, the number of 
times of consumption each day and each week. Portion size was 
explained to subjects using catalogue of pictures of individual food 
portions. Some vegetarians may consume a variety of vegetarian 
foods. The amount of nutrients in vegetarian foods was estimated 
according to the quantity of the ingredients stated on the food 
package. 
The survey questionnaire consisted of items in the following 
Seven categories: Rice/bread/pasta (17items); vegetables (64 items); 
fruits (27 items); eggs (7 items) beverages (38 items); dim sums / 
snacks (36 items); soups (10 items); and oil / salt / salt / sauces. The 
items chosen were those most frequenty consumed, based on 
previous local surveys， and overlapped with some items of the 
questionnaire used in the Australian Chinese survey. (Hsu-Mage BM-
i'. ‘ 
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H & Wahlqvist ML, 1992). The selected food groups listed in the food 
frequency record form (Appendix I). Food items selected contributed 
significantly to the total population intake of energy and each of 22 
nutrients. The amount of nutrients food items were obtained from 
McCance and Widdowson (1992)，and three food tables used in 
China published by Zhongshan University (1994) (Tsang YS& Fung 
SW.1991), and Institute of Health of the Chinese Medical Science 
Institute (1985) and Institute of Nutrition and Food Hygiene, Chinese 
Academy of Preventive Medicine. (1991) In dietary history record it 
aims to allow subjects to place emphasis on reporting food intake at 
each of three main meals of the daythat supply most of the essential 
nutrients, and then followed by reporting intakes which might be taken 
in between, including fruits, beverage, and snack. The interviewers 
records the respondent's description of his or her usual food intake, 
including types of food eaten, serving sizes, frequency and timing, 
and significant seasonal variations. After the respondent stated usual 
dietary practices record, the interviews then cross-checks the data by 
asking specific questions about the respondent's dietary preferences 
and habits. Sometime it was necessary to clear up the cooking 
methods for preparing foods. For exampte, the respondent may have 
said that he or she drinks a glass of hot milk, with Horlick for 
I . 
breakfast, the type of milk (Either fresh milk, sweetened condensed 
milk, or milk power, etc.) and added sugar or not was also asked. The 
portion measure, including different sizes of spoon, cup, glasses, and 
bowls were used to clarify the description of the amount of food which 
i 
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were usually eaten by the subjects. Some food might be described by 
its size, for example dim sum, bread. 
5.4.1 Estimation of food Quantity 
Weight of food estimated from recall was validated by weight of 
food collected by duplicate meal in 7-days from 4 individuals. The 
subjects were asked to record, all foods and beverages (including 
snacks) eaten at the past seven days. Some local food in various 
portion sizes which were commonly consumed used by children, were 
weighed in the laboratory using a digital electric scale ( Metter Model 
PC 2200 )• It was accurate to 0.1 g. Detailed descriptions of all foods 
and beverages and their method of preparation and cooking were also 
recorded. For composite dished such as spaghetti bologrnese，the 
amount of each raw ingredient used in the recipe, the final weight of 
the composite dish, and the amount consumed by the subject should 
be recorded. The amount of food described by the parent was 
estimated by determining the size of the described food portion as a 
fraction of the reference portion size. Some of the food described by 
parent might be estimated by referring to the standard portion size as 
described in the food tables employed. 
5.4.2 Nutrient intake data 
Data were then transferred by the interviewer to a food 
questionnaire consisting of 200 items of commonly consumed local 
vegetarian foods. The data were analyzed using computer software 
comprising nutrient contents of food items in fixed portions. The 
” 
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nutrient contents database was compiled using food tables from the 
west ( Holland etal. 1993 ) and the east( Institute of Health, 1980). In 
addition, the specific types and quantities of fat used for cooking fried 
food was taken into account. Derived from several sources daily 
intake of total various nutrients was obtained, using computerized 
food composition tables including calories, protein, carbohydrate 
(CHO), fat, saturated fatty acid (SFA), monounsaturated fatty acid 
(MUFA), polyunsaturated fatty acid (PUFA), and cholesterol (CHOL), 
the fat and saturated fat percentage in total diet and the PUFA/SFA 
(P/S) ratio was calculated. 
The daily intake of energy, protein, fat, carbohydrates, 
cholesterol., etc, which were compared with cohort children at aged 5， 
7, and 9 from the Leung's "the growth and nutrition status". 
5.5 Blood tests 
Fasting blood sample was taken to measure hemoglobin (HB), 
iron (Fe), total iron binding capacity (TIBC), mean corpuscular volume 
(MCV) and cholesterol. These tests were performed in chemical 
pathology laboratory, Prince of Wales Hospital. 
Study subjects came to the hospital at about 9:00am and fasting 
blood sample was taken by a pediatrician. 10ml venous blood was 
withdrawn for the measurement of red cell indices including 
hemoglobin, mean cell volume (MCV) mean cell hemoglobin 
concentration (MCHC), mean cell hemoglobin (MCH). Serum iron, 
i! 
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total iron binding capacity (TIBC) and transferrin saturation 
%(FerriBC) are useful for differentiating between iron deficiency 
anemia and anemia arising from chronic infections, inflammation, or 
chronic neoplastic diseases. Blood cholesterol concentration including 
total cholesterol (TC), high density lipoprotein cholesterol (HDL), low 
density lipoprotein cholesterol (LDL) and triglyceride (TG) were 
measured (Hitachi 911 analyses and reagents, Boehringer Mannheim, 
Germany). Due to the lack of funding for biochemistry analysis, blood 
samples from studied children were randomly selected for analysis. 
Children with HB<11.0 gm/dl were defined as having anemia. 
Children with MCV<70fI would have blood tested for iron and 
hemoglobin electrophoresis to exclude thalassaemia, which is a 
common hereditary haemoglobinopathy in the region 
5.6 Data Analysis 
All analyses were performed using the SPSS/PC Inc. (Version 
4.0). The means and standard deviation (SD) and frequency 
distribution of all variables for all subjects and each sex were used to 
summarize the data. Independent-Sample T Test was used to 
examine any difference between studied groups and compared 
groups. The significance level was set at P<0.05, 2-tailed. Sample T 
Test was used examines between study boys and girls. Pearson's 
correlation coefficient (r) was used to test the correlation between the 




Chapter 6 Results 
6.1 Sample size 
Between January and August 1996，54 vegetarian children 
aged 4 to 14 were recruited. The mean age was 9.49 士 2.39 years for 
boys and 9.64 土 2.56 years for girls. Dietary assessment for each 
subject was performed at a 20-minute interview. The children and 
their parents were very cooperative and patient throughout the study. 
Two out of 54 studied children failed to complete the study because 
they did not come for examination at the end of the data collection. 
Therefore, 52 children (26 boys, 26 girls) were involved in all parts of 
the investigation. All subjects were lacto-ovo-vegetarians, and have 
been followed vegetarian diet for more than one year. 
6.2 Anthropometric Measurement 
6.2.1 Weight and Height 
The distribution of weight and height for age by HK Reference 
(Leung et al，1995) was shown in Figure 1 to 4. Height and weight of 
the studied children were comparable to the local population. The 
mean 土 SD z-scores of height for age were 0.03 士 1.10 for boys and 
0.45 士 0.77 for girls. Only one boy had weight for age below 2 SD 
from the mean. The z-scores of weight for age were 0.33 土 1.09 for 
boys and 0.32 土 0.86 for girls. Those of weight for height were 0.45 土 
0.1.01 fo「boys and 0.04 士 1.15 for girls (Table 4). There were no 
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significant difference in the weight and height between vegetarian 
boys and girls. 
6.2.2 Skinfold thickness 
The average skinfold thickness measurements were presented 
in Table 5. There is no significant difference between boys and girls. 
Taking TRSF as one of the fatness indices and compared with 
the local reference, it showed 15 (57.7%) boys and 12 (48.0%) girls 
had TRSF above 50th percentile. (Figure 5，6). While taking 
subscapular skinfold thickness as the fatness indices and compared 
with the local reference, it showed similar percentage of boys (57.7%) 
and girl (52.0%) had value above 50th percentile. (Figure 7，8). There 
are no published local reference charts for bisceps skinfold thickness 
and suprailiac skinfold thickness 
6.2.3 Prevalence of obesity in study children 
The prevalence of obesity varied depending on the criteria 
used to define obesity. 
If the weight for height above 120% of median weight for height 
was used to define obesity, 10 (19.2%) of total subjects (6 boys (23%) 
and 4 girls (15%)) were Therefore, the prevalence of obesity in the 
studied children was 19.2 %. 
6.2.4 Bone mineral density (BMD； 
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The bone mineral density of the girls was comparable to the 
Hong Kong local omnivore children (Figure9). No local references are 
available for boys bone density. Therefore with boys of vegetarian 
children. The data of vegetarian boys were therefore also plotted on 
the girl's chart. 
6.2.5 Haematological and biochemical data 
Due to the lack of funding for biochemistry analysis, samples 
from studied children were randomly selected for several but not all 
biochemical tests. The mean 士 SD blood parameters of the studied 
children, including average volume of red-blood cells, serum iron，and 
total capacity of combining iron etc., were shown in Table 6. In the 
three groups，none had Hb level less than 11g/dL, also none had 
MCV largerthan 100fL. 
Four subjects (2 boys and 2 girls) had MCV less than 70fL. 
Haemoglobinopathy investigation showed that all four subjects had a-
thalassaemia trait, no subject was found to be iron deficient. 
The mean folate (nmol/l) for the three age groups, in 
ascending age, were 45.10±8.74, 40.40±13.13， and 37.59±8.89 
respectively. Vitamin B12 (pmol/l) were 463.78±233.73， 438.10土 
I I I 185.54, and 368.17±192.55. The minimum and maximum values 
1 
‘ were 28.0and 55.0 for serum folate, 195 and 827.0 for serum vitamin 
I 
I B12. Serum folate of normal ranges was between 7.0 and 39.0 while 




hospital reference. All studied children had folate and vitamin B12 
within in the normal range. 
6.3 Serum lipids profiles 
Due to the shortage of budget for lipid analysis, only 21 of the 
studied children (9 boys and 12 girls) had serum lipid analysis. The 
mean 士 SD (mmol/l) for serum triglyceride (TG), total serum 
cholesterol (TC)，high density lipoprotein (HDL) and low density 
lipoprotein (LDL) were shown in Table 7. The serum lipids were within 
normal range. No significant difference was found in the 
haematological data between boys and girls. 
6.4 Dietary Assessment 
6.4.1 Diet 
All subjects were lacto-ovo-vegetarians. The study children and 
their parents were very helpful and enthusiastic in reporting dietary 
information of their children. 
The major food sources of studied children were 
grains/cereals, legumes/its products, fruits and vegetables (Table 8). 
The mean consumption of grains/cereals was 502± 191g/capita/day 
while legumes/its products was consumed on average 104士 
84g/capita/day. The mean fruits and vegetables intakes were 140 士 
124g/capita/day and 67± 45 g/capital/day respectively. The other 
food groups included roots/stems, miIk, eggs and nuts, accounting to 
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87± 57g/capita/day, 87土 96g/capita/day, 21 土 15 g/capita/day and 4 土 
8 g/capita/day respectively. 
Most of the food intake were similar in boys and girls with the 
exception that boys consumed more grains (p<0.01) and less fruits 
(p<0.001) than girls. 
6.4.2 Food consumed 
Rice remained as the chief kind of grains or cereals in this 
locality, with an average consumption of 1.5 bowls (300 g) cooked 
rice per day, usually taken during dinner. However, bread and roll 
were more popular for breakfast, with an average intake of around 25 
gm per day. As the survey was performed through January to 
August, seasonal changes of food selection were observed. 
Vegetables and legumes were major ingredients of dishes for 
vegetarian children. The popular ones (consumed by more than 40% 
studied children) were Chinese flowering cabbage, Chinese white 
cabbage, lettuce，Chinese spinach, watercress, tofu, string bean, 
carrot, potato, hairy shoot, tomatoes, with an daily intake ranging from 
12 to 66 g. Dried mushroom was also-popular and the amount was 
about 3.5 g/day. 
Watermelon, orange, and apple were the three commonly 
consumed fruits, with an average daily intake of 22 to 68 gm. Eggs 
were very popular, usually served as fried egg. Milk and dairy 
products were not commonly consumed and the average amount was 
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less than 90 gm per day. Plain water remained the most popular 
drink. Coke was the commonest soft drink. Chinese dimsum were 
more popular than pizza and hamburger among children. Snacks and 
soft drinks were grouped into "dimsum" for comparison because the 
intake of snacks and soft drinks in control omnivores were also 
grouped into the same item. 
6.4.3 Seasonal variation of food consumed 
Since the dietary record was taken during Spring and Summer, 
seasonal variation of food consumed was expected. For vegetarians, 
the seasonal variations in food selection were mainly vegetables and 
fruits. However, these seasonal variations usually within the food 
sub-group. For example, the subjects may switch from one leafy 
green vegetable to the other leafy green vegetable due to the 
seasonal availability of one vegetable over the other. Moreover, the 
food suppliers for local market had been extended to be not only from 
local and adjacent areas, but also from many places all over the 
world, many seasonal food are now easily available throughout the 
year. Therefore, it is expected that the difference in nutrient variation 
due to seasonal variation is little and insignificant. 
6.4.4 Energy and Nutrients 
Energy and macronutrients consumption 
^ 
The daily nutrient intakes of vegetarian children were grouped 
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table 11 . The daily nutrient intakes of omnivorous children at similar 
age were also shown in respective table for comparison. 
For age between 4 and 6 years old, the mean energy intake 
was 1366 土 269 kcal/capita/day, with carbohydrate contributing to 67 
土 5 %, fat 23 士 5 %, and protein 12 土 1 o/o of total energy. 
For age between 6 and 9 years old, the mean energy intake 
was 1454 士 352 kcal/capita/day, with carbohydrate contributing to 63 
士 6 %, fat 25 士 6 %, and protein 14 土 2 % of total energy. 
For age between 9 and 14 years old, the mean energy intake 
was 1700 土 591 kcal/capita/day, with carbohydrate contributing to 67 
土 6 o/o, fat 22 土 6 % and protein 13 士 2 % of total energy. 
When compared with the omnivorous children of similar age, it 
is found that vegetarian children had energy consumption similar to 
that of the omnivorous children. However, the percentage energy 
from carbohydrate were significantly higher in the studied children 
than the omnivorous children (p<0.001). The main sources of 
carbohydrate were rice and noodles. The energy from protein and fat 
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The dietary calcium intakes in the studied children were above 
500mg/capita/day, and there is a trend of increased consumption as 
age rise. The mean dietary intakes for the three age groups, with 
ascending age, were 508 土 176 mg/capita/day, 538 土 
195mg/capita/day and 535 土 221 mg/capita/day respectively。 
When compared with the local omnivorous children, the dietary 
calcium intake was more, but significantly, than the local omnivorous 
children. 
Iron 
The dietary iron intakes for the three age groups were similar. 
For age between 4 and 6 years old, the mean dietary iron intake was 
11 士 4 mg/capita/day. For age between 6 and 9 years old, the mean 
dietary iron intake was 13 土 8 mg/capita/day while for age between 7 
and 14 years old, it was 13 土 6 mg/capita/day. 
The dietary iron intake of the studied children was comparable 
to the local omnivorous children. The mean dietary iron Intake for 
vegetarian group aged 6 to 9，was even significantly higher than that 
of local omnivorous children at ages 7. (p<0.05). 
Vitamin C 
The dietary intake of vitamin C varies between age groups. 
For age between 4 and 6 years old, the mean dietary intake of vitamin 
; i . 
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C was 81 土 61 mg/capita/day while for age between 6 and 9 years 
old, it was 72 土 63 mg/capita/day. The mean dietary intake for the 
eldest age group was 100 土 54 mg/capita/day. 
When compared with the local omnivorous children, vitamin C 
intake was not more than that of the omnivorous children at the lower 
age. However, at higher age group, the vegetarian children 
consumed significantly greater amount of vitamin C than those of 
omnivorous children. 
Cholesterol 
The dietary cholesterol in studied children were mainly from 
eggs and dairy products. 
The mean dietary cholesterol intake in the studied children 
were: 132 土 78 mg/capita/day for age between 4 and 6, 164 土 93 
mg/capita/day for age between 6 and 9 and 162 土 141 mg/capita/day 
for age between 7 and 14. 
Compared to the western counterparts, Hong Kong Chinese 
vegetarian children consumed less fat but higher cholesterol as a 
result of higher intake of eggs among the studied children. Local 
vegetarian diet supplied 23% energy from fat, which was closer to the 
Chinese traditional diet whereas the western vegetarian diet 




Polyunsaturated Fattv Acid/ Saturated Fattv Acid (P/S ratio) 
The P/S ratio of the studied children were very close to the 
recommended ratio of1. The mean P/S ratio of the three age groups, 
in ascending age, were 0.9 土 0.3，0.9 土 0.3 and 1,1 土 0.3. 
The P/S ratio of the local omnivorous children were not as 
close to the recommended ratio as our studied children. For 
omnivore children at age 9，the P/S ratio was 0.5 土 0.1，indicated that 
they consumed double amount of saturated fatty acid as compared to 
intake of polyunsaturated fatty acid. 
Monounsaturated Fattv Acid/ Saturated Fattv Acid (M/S) ratio 
The MS ratio of the studied children were also very close to the 
recommended ratio of 1. The mean MS ratio for the group aged 4 to 
6 was 1.0 土 0.2’ those for the group aged 6 to 9 was 1.0 土 0.2 and 
those for the group aged 7 to 14 was 1.1 土 0.1. 
There was no significant difference between the MS ratio of 
studied children and the omnivorous children. 
The PS and MS ratios in locah vegetarian diet met the 
recommended ratio of 1:1. Both the local omnivorous and the western 
vegetarians were still far from this value. No animal fat and less milk 
consumption among Hong Kong Chinese vegetarian children 





The mean dietary fibre intakes of the studied children were 
similar. For group aged 4 to 6，the mean dietary fibre intake was 10 土 
8 g/capita/day. For group aged 6 to 9，the mean dietary fibre intake 
was 11 士 9 g/capita/day while for group aged 7 to 14，it was 10 土 7 
g/capita/day. 
There was a significant difference in the dietary fibre intake 
between the studied vegetarian children and the local omnivorous 
children (p<0.001). The dietary fibre intake of the studied children 
was more than double of that of the omnivorous children. 
6.4.5 Comparison with UK vegetarian children 
The nutrient intakes of the studied children were compared 
with 50 UK vegetarian children (Nathan I etal，1997) (Table 12). Our 
studied children's mean energy intake (6640.10 土 2215.03KJ) was 
lower than UK vegetarian children (7595.00 土 1047.93KJ). Our 
subjects consumed more carbohydrate ( 6 5 . 6 5 土 5 . 8 8 vs. 5 2 . 5 0 士 
4.03%energy), protein (12.8 士 21.92 vs. 11.10 土 1.41) but much less 
fat (23.20 土 5.59 vs. 36.40 士 3.89). 
Dietary calcium intake (527.93 土 209.03 vs. 825.00 土 182.93 
;^ 
mg) was significantly lower in our studied children than in UK children. 
。[-
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It may was because that UK children consumed more milk than our 
studied children. Our children's intake of iron, vitamin C, cholesterol 
were significantly higher than the UK counterparts (p<0.05). 
6.4.6 Relationship between body fatness and current diet 
The correlation coefficient value between body fatness indices 
and dietary components for studied children is shown in Table 13. 
With the exception of polyunsaturated fatty acid intake, there was no 
significant correlation between body fatness and dietary components 
in the studied children. Energy, carbohydrate and protein intake had 
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6 7 Chapter 7 Discussion 
7.1 Lacto-ovo-vegetarian children have normal growth 
Growth impairment was usually reported in strict vegetarians or 
macrobiotic populations but seldom in lacto-ovo-vegetarians (Sanders 
& Purves， 1981; Dwyer et al. 1982; Tayter et al. 1989; Nathan et al. 
1997). It is therefore not surprising to find an absence of stunting and 
wasting in our studied children, proving that energy and protein intake 
of our vegetarian children were enough to sustain normal growth. The 
only child who had height below third percentile came from a family 
with both parents' height below the third percentile, reflecting a 
familial short stature rather than nutritional stunting. 
7.2 Vegetarian children can be obese 
Lower fat and protein but higher carbohydrate intake was noted 
local vegetarian diet. However, the prevalence of obesity among our 
studied children of 7 to 13 years was 23% in boys and 15% in girls, 
which was as high as the general population of omnivorous children. 
This probably reflects the same degree of physical inactivity and the 
preference of energy-dense but zero nutrition food among our local 
children, such as sugary food and oily snacks, no matter they are 
veget3ri3n or omnivore. 
6 8 7.3 Advantages and disadvantages of Chinese vegetarian diet 
7.3.1 Calcium 
Calcium intake and BMD were comparable to the local 
omnivorous children. Nevertheless, both groups had calcium intake 
much less than that reported in the west (Dwyer et al. 1982; Tayer et 
al.1989; Nathan et al. 1996)，probably because of the lower milk 
intake among local children. Traditionally, Chinese do not consume 
milk or dairy products frequently. The recent practice of milk 
consumption Is a reflection of westernization. Moreover, unlike 
western counterparts, local vegetarians substituted meat with 
legumes, vegetables, fruits and eggs but not a large amount of milk 
dairy products. Thus, the amount of milk consumed was much less 
than that of the western counterparts (2.5 glasses per week vs. 5.4 
glasses per week)(Nathan et a/.1996). Nevertheless, earlier reports 
found that Chinese children had a more effective calcium absorptive 
capacity with a true fractional calcium absorption 60% (Lee et al. 
1994). Besides, physicai activities was also effective to attain peak 
； bone mass (Cohen et al. 1995). Therefore, modification by increasing 
physical activities rather than dietary adjustment may be more 




: The prevalence of iron deficiency in our studied children was 
zero and thus far below that reported in vegetarians in western 
I 






incidence of iron deficiency anemia reflects the characteristics of ^^ 
Chinese vegetarian diet. The iron intake of local vegetarian children 
was not less than the local omnivore population but was not more 
than the western counterparts. The differences were probably in the 
dietary source and the interactions between nutrients in the diet. 
Firstly, the main plant source of iron was fresh dark green leafy 
vegetables for the local vegetarians while it was bread and cereal for 
the western vegetarians (Nathan et a/.1996). Usually, bread, cereal or 
green leafy vegetables provide the low bioavailable nonheme iron。 
However, vitamin C in fresh vegetables greatly increases the 
bioavailability of the dietary iron for absorption whereas bread and 
cereal had negligible endogenous vitamin C. Secondly, local 
vegetarian children on average consumed three times the number of 
eggs per week of that in the western counterparts (3 per week vs. 1 
per week), which greatly increase the highly available heme iron 
intake in vegetarian diet. Besides, iron absorption in the Chinese 
vegetarian diet was not further diminished by high dietary calcium 
intake as in the western vegetarian diet where high milk intake was 
observed. (Gleerup etal. 1995). 
7.3.3 Vitamin B12 
Due to the limitation of nutrition analysis computer software and 
the lack of vitamin B12 information in the food composition tables 
currently available, dietary vitamin B12 was not measured. 
Nevertheless, serum level was checked and it was normal. Vitamin 
-
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B12 is mainly found in fermented food. It was observed that there 
was a general practice of adding sauces to dishes, such as fermented 
soy paste, soy sauce, fermented tofu etc. As the body requirement 
for vitamin B12 is only in a trace amount, usual intake of a small 
amount of the sauces may meet the body's needs. Besides, egg and 
milk were also a good source of dietary B12. 
7.3.4 Folate 
Because of insufficient data available in food tables, dietary 
folate or folic acid was not estimated. But, blood level of folate was 
normal in the vegetarian children and higher than other published 
data. Folate is widely distributed in foods. Good source of folate 
includes meat, fish, eggs and also green leafy vegetables, legumes， 
fruits such as oranges, strawberries and banana. These plant foods 
were consumed regularly by the studied vegetarian children. 
7.3.5 Fibre 
Dietary fibre measured in the present study was mainly crude 
fibre. This is because the studied children mostly consumed the 
Chinese vegetables but the fibre content provided by the present 
Chinese food table reference referred to that of crude fibre only. The 
total dietary fibre intake is expected to be higher than the estimated 
10g, as rice, vegetables and legume contributed a considerable 
;: amount of soluble fibre to the diet. The crude fibre intake was already 
).: - -
more than double of that of the omnivore children, who only took an 






7 1 average of 3 to 5g crude fibre per day. It showed the feasibility of 
doubling the fibre intake of the general omnivorous population. 
7.4 Conclusion 
In conclusion, we have shown that Chinese vegetarian diet was 
closer to the present general recommendation for a healthy diet than 
that of the local omnivorous children. Chinese vegetarian diet may 
possess some advantages over the western vegetarian diet: less fat 
(20%-25%), more fibre ( crude, 10g) and a better PS ratio(1:1). The 
prevalence of iron deficiency among local vegetarian children was 
much lower than that in western countries. Absence of growth 
retardation and low incidence of deficiency diseases suggested that 




Chapter 8 Limitation of the Study 
8.1 Dietary record method 
The dietary record method used in this study required the 
subjects to record a week's dietary intake. The accuracy of this 
method depends on conscientiousness of subjects and ability to 
estimate quantities. Since the subjects in this study ranged from 
primary schoolers to teenagers, they may not have enough ability 
to accurately estimate their food intake. The subjects may forget to 
record down every time after they consumed food or snacks. The 
subjects may reduce or change their dietary intake for easier 
dietary recording. Furthermore, parental pressure may limit the 
accuracy of the dietary record, as they may not encourage their 
children to spend time for writing dietary record. 
8.2 Sample Size 
The sample size was the major limitation of this study. The 
number of subjects in each age group was few which greatly 
limited the representation of this study. Nevertheless, this 
study was the first research studying the nutritional status of 
the local vegetarian children. It provided an overview of the 
. nutritional status of the local vegetarian children, so that 
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dietary or other health advice can be closely made for the 
need of the local vegetarian children. 
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Table 1: Classification ofVegetarian 
Types of Vegetarian Diets and Foods Consumed 
Red Poultry Fish Eggs Miik Vegetables, Fruits, 
meat Cereals, Breads, Nuts 
Omnivorous ^ ^ ^ ^ ^ ^ 
Semi- ^ ^ ^ ^ V 
vegetarian 
Lacto-ovo- ^ ^ ^ 
vegetarian 




Table 2 Food sources for important Nutrients in the vegetarian 
diet 
Nutrient Sources 
Calcium Milk and milk products, particularly cheese and yogurt; fortified 
soy miIk; dark green leafy vegetables such as parsley, kale, 
spinach, and mustard, dandelion, and colIard greens. 
Iron Legumes, dark green leafy and other vegetables, whole-grain or 
enriched cereals or breads, some nuts, and dried fruits. 
Vitamin B12 Milk and eggs, fortified soybean milk. 
Vit C Nuts, bean, wheat germ, and cheese 
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Table3 Occupation of the parents of the study children 
j ^ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ „ „ ) „ 3 ^ ^ ^ 0 „ s i s ^ ^ s 3 S B ^ ^ H M a ^ ^ a ^ B S M a s B B B S s s ^ B a » s s ^ B a a n s B B s e B s a B S 3 n a B X B a s s 3 s s = s s s s s s = s 3 s s B a s E a = s s = a B S B B S s e s a s B B 3 a i ^ ^ ^ B s a i ^ x B s = a s _ i i 
Occupation Father(n) Mother(n) 
Professional, technical and related workers 2 0 
Administrative and managerial workers 5 1 
Clerical and related workers 12 5 
Sales workers 1 4 
Service workers 15 15 
Production and related workers, transport 12 0 
equipment operators and laborers 
Unemployed — 23 
Others and unclassified 5 4 
l b t ^ ~ ~ 一 ^ ^ 
= 
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Table 4 MeaniSD Weight and height of vegetarian children 
Z-scores Boys Girls 
Height for age 0.03±1.10 0.45±0.77 
Weight for age 0.33±1.09 0.32±0.86 
Weight for height 0.45士00.1 0.04±1.15 
78 
Table 5 The mean±SD skinfold thickness at 4 sites (TRSF, BISF, SUBSF, 
SUPSF) o f 5 2 vegetarian children 
n “ T R S F BISF SUBSF SUPSF 
(mm) (mm) (mm) (mm) 
B ^ ^ 12.9±6.3 10.5+7.5 1 1 . 1±8 . 1 10.1±7.3 
Girls *26 12.1土4.6 10.0±5.2 11.3土6.6 1 1 . 1+7.0 
Total 52 12.5土5.4 10.2±6.3 1 1 .0±7. 15 10.3±7.0 
~~~P Value 1 ^ ^ ^ 5 ^ 
~^~~~^~^—~~-• _ . _ • — — — • • - • • • _ _ • • • • - ~ ~ ^ — — • _ • _ • - - ^ ^ ^ ^ - ^ ^ ^ ^ ^ ^ ^ ^ - _ • - • . = ^ ; = ^ ^ = = - • - — - - - = = = = i = ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ! ^ - ^ - ' • _ • -•• •丨-_ •--. 
* One girl refused measurement. 
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Table 6. Mean values of blood levels of vegetarian children 
age range 4-6 years 6-8 years >8 years 
Mean±SD Mean±SD Mean±SD 
Serum Iron, umol/l 14±2.28 13.10±4.01 14.85l5.47~~~ 
n (6) (10) (26) 
Hb, g/dL 12.23±1.28 12.99+0.93 13.59t0.96 
n (10) (12) (30) 
MCV,f/L 75.87±8.03 78.81±6.77 82.08±7.82 
n (10) (12) (30) 
TIBC, umol/l 58.33±5.72 61.30+4.45 62.50+5.85 
n (6) (10) (26) 
Vitamin B12, pmol/l 463.78+233.73 438.10±185.54 368.17±192.55 
n (9) (10) (29) 
Serum Folate, nmol/l 45.10±8.74 40.40±13.13 37.59士8.89 
_n (9] 0 ^ (29) 
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Table7 Serum triglyceride, total serum cholesterol，HDL and 
LDL (mmol/l) for the vegetarian boys and girls at different age 
ranges. 
Age (years) Sex TG TC H ^ LDL 
~ ^ Boys (n=2) 0.55 (0.04)~~4.51 (1.18)~~1.33 (0.14)~~2.93 (1.03) 
Girls (n=1) 0.78 3.76 1.07 2.34 
7 - 1 0 Boys (n=4) 0.80 (0.33) 3.75 (0.34) 1.27 (0.35) 2.12 (0.37) 
Girls (n=8) 0.79 (0.29) 3.87 (0.51) 1.40 (0.33) 2.10 (0.36) 
>11 Boys (n=3) 0.68 (0.20) 4.01 (0.45) 1.32 (0.19) 2.38 (0.31) 
Girls (n=3) 0.89 (0.16) 3.73 (0.45) 0.93 (0.22) 2.40 (0.49) 
i 
All Boys (n=9) 0.82(0.24) 3.83 (0.45) 1.30 (0.24) 2.20 (0.38) | 
Girls (n=12) 0.70 (0.25) 4.00 (0.60) 1.26 (0.36) 2.38 (0.56) | 
I 
•! 
- • - - • - - — ‘ • • • • • - 1 
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Table 8 Mean Values of food intake (g/capita/d) of vegetarian 
children in Hong Kong (Mean±SD) 
Total(N=52) Boys(N=26) Girls(N=26) 
Mean±SD Mean±SD ~~Mean ±SD 
Grains/Cereals 502±191 520±189 482±195** 
Vegetables 67+45 61±48 74±42 
Legumes/by products 104±84 102±78 106±91 
Roots/stems/Nuts 91±58 92±58 9 4 土 5 1 
Fruits 140±124 106+108 174±132*** 
Eggs 21±15 23±17 20±12 
Diary products 87±96 84士102 89±93 
Dimsum 86±75 79±75 93±77 
T-test:*.p<0.05. **p<0.01. ***p<0.001 
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Table 9 Daily nutrient intake of vegetarian children aged 4-6， 
compared to 
Omnivore children at aged 5 
N/egetarian Omnivore ^  
Meard:SD Mean±SD 
0 ^ n=133 
Age ^ 5 
Energy, kcal 1366i269 1419±306 
Protein, gm 43±10 68土1『 
Fat, gm 35±10 42+14 
Carbohydrate, gm 228±49 193±43* 
Vitamin B1, mg 0.5±0.2 0.8±0.4** 
Vitamin B2, mg 0.8t0.3 1±0.5 
Vitamin C, mg 81土61 83+47 
Calcium, mg 508±176 543±328 
Iron, mg 11±4 10±3 
Protein, % energy 12±1 19±3* 
Fat, % energy 23±5 26±5 
CHO, o/o energy 6 7 ^ 55±7*** 
T-test *:p<0.05. **p<0.01.***p<0.001 
a: Cohort children at age 5, from the Leung's “ the growth and nutrition study"( 
Unpublished data) 
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Table 10. Daily nutrient intake of vegetarian children, aged 6-
9,compared to 




Age 7.5±1 7 
Energy, kcal 1454±352 1674+446 
Protein, gm 50±15 77±24*** 
Fat, gm 41±13 55±21*** 
Carbohydrate, gm 229土62 220±62 
Vitamin A, IU 2020土1657 1865±962 
Vitamin B1, mg 0.5 0.9*** 
Vitamin B2, mg 0.8 1士0.5** 
Vitamin C, mg 72±63 96±69 
Calcium, mg 538±195 556±317 
Phosphorus, mg 727±195 939±310* 
Iron, mg 13±8 11±3* 
Fibre, gm 11±9 3±2*** 
SFA,gm 12±4 2 0 ± 8 * * * 
MUFA, gm 12±4 2 1 ± 『 
PUFA, gm 10±4 9±4 
Cholesterol, mg 164±93 367土167*** 
P/S ratio 1.1±0.3 0.5±0.r** 
M/S ratio 1.1±0.2 1.1±0.1 
Protein, % energy 14±2 19±3*** 
Fat, % energy 25±6 29±6* 
CHO, % energy 63土6 53±8 *** 
T-test: *:p<0.05. **:p<0.01. ***:p<0.001 
b: Leung et al. Serum lipids, obesity and diet of Hong Kong. Asian Pacific Region, 
1994:155-160 -
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Table 11. Daily nutrient intake of vegetarian children aged 7-14 ‘ 
compared to 
Omnivore children at age 9 
‘ Vegetarian Omnivore。 
Mean±SD Mean±SD 
n=33 n=82 
~A^ ^ ^ 
Energy, kcal 1700±591 1952±777 
Protein, gm 54±24 9 0 ± 3 『 
Fat,gm 43±18 69±37*** 
Carbohydrate, gm 283±98 246±86 
Vitamin A, IU 2381±1372 2285±1151 
Vitamin B1, mg 0.7i0.3 1±0.5*** 
Vitamin B2, mg 0.8±0.4 1±0.5*** 
Vitamin C, mg 100±54 95±61* 
Calcium, mg 535±221 584±292 
Phosphorus, mg 791±284 982+410* 
Iron, mg 13±6 14土6 
Fibre, gm 10±7 5±3*** 
SFA, gm 12±5 25±13*** 
MUFA, gm 13±6 27±16*** 
PUFA, gm 12±5 11±11 
Cholesterol, mg 162+141 400±177*** 
P/S ratio 1.1士0.3 0.5±0.r** 
M/S ratio 1.1±0.2 1.1±0.1 
Protein, % energy 13±2 18+3*** 
Fat, % energy 22+6 31±5*** 
CHO, % energy 67+6 51±6*** 
T-test.*:p<0.05. **:p<0.01. ***p<0.001 
c: Cohort children at age 9’ from the Leung's “ the growth and nutrition study" 
(Unpublished data) 
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Table 12 Nutrients intake of local vegetarian compared to UK 
vegetarian children 
Local children (N=52) UK children (N=50)' 
Mean±SD Mean±SD 
Age range 4-14 7-10 
‘ Energy (K J) 6640±2215 7595±1048*** 
Protein, % energy 13±2 11±1* 
Fat, % energy 23土6 36±4*** 
Carbohydrate, % energy 66±6 53±4*** 
Vitamin C，mg 92±57 66±28*** 
Vitamin E, mg 10±5 6±3*** 
Niacin, mg 8±4 15土4*** 
Calcium, mg 528土209 825±183*** 
Iron, mg 12±7 11土3 
Zinc, mg 7±3 6±1 
Cholesterol, mg 159±121 132±60 
P/S ratio 1. 0.7*** 
T-test*: p<0.05. **: p<0.01. ***: p<0.001 
a: Nathan I. Hackett AF, Kirby S (1996) The dietary intake ofagroup of vegetarian 
children aged 7-11 years compared with matched omnivores. Br J Nutr 75(4):533-
544.reference(88) 
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Table13 Correlation coefficient value (p) of body fatness and 
current diet for vegetarian children 
Calorie Prote in~CHO ^ SFA PUFA MUFA ^ Chol 
TRSF ^ 0^7 ^ 072 0^3 ^ o l 0^7 0.03 
(0.48) (0.24) (0.62) (0.40) (0.37) (0.19) (0.49) (0.24) (0.85) 
SUBSF 0.16 0.22 0.11 0.22 0.23 0.29* 0.21 0.12 0.01 
(0.25) (0.11) (0.44) (0.11) (0.1) (0.04) (0.14) (0.40) (0.93) 
% body 0.19 0.16 0.22 0.09 0.11 0.13 0.05 0.13 -0.05 
fat (0.18) (0.25) (0.13) (0.58) (0.43) (0.38) (0.71) (0.38) (0.76) 
Weight 0.4* 0.34* 0.4* 0.26 0.21 0.3* 0.26 0.18 0.13 
(0.04) (0.01) (0.00) (0.07) (0.13) (0.03) (0.07) (0.21) (0.38) 
T-test:* p<0.05. **p<0.01.***p<0.001 “ ~ “ ~ ~ ~ ~ ~ “ ~ ~ ~ ~ ^ ~ 
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Figure 2 Height of individual Chinese vegetar ian girls plotted on the 
Hong Kong reference with 3「d, 1 0 ^ 2 5 ^ 5 0 ^ 7 5 ^ 90【\ and 
97th percentile curves 
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W'eight of individuai Chinese vegetarian boys plotted on the 
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Figure 4 Weight of individual Chinese vegetarian girls plotted on the ^ 
Hong Kong reference with 3「」，10^  25丨卜，50^  7 5 ^ 9 0 ^ and 
97th percentile curves . 
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Figure 5 Triceps skinfold thickness of individual Ghinese vegetarian 
boys plotted on the Hcng Kong reference with 3'^ 1〇們，25(^ ’ 
50們’ 75們’ 90們，and 97^percent i le curves 
o q t r a n s f . 
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Figure 6 Triceps skinfold thickness of individual Ghinese vegetarian 
gir!s plotted 〇n the Hong Kong reference with 3''^ 10們，25'''. 
5〇(h’ 75(h, 9〇m, and 97历 percenti le curves 
〇q t r a n s f . 
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Figure 7 Subscapular skinfold th ickness of individual Ghinese 93 
vegetar ian boys plotted on the Hong Kong reference with 
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Figure 8 Subscapular skinfold th ickness of individuai Ghinese 
vegetar ian giris plotted on the Hong Kong reference with 3「^, 
10們，25(h, 50''h, 75'h, 90們’ and 97'^ percent i le curves 
l o q t r a n s f . 
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Figure 9 Bone mineral density of the lumbar spine L2-L4 of individual 
vegetarian chiid plotted in the Hong Kong reference gir!s with mean( 一 )， 
mean ± 1SD(---—)’ and mean± 2SD(……) in g/cm 
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Appendix 1 
Vegetarian children of Hong Kong DIETARY SURVEY 
Food Frequency 
Code for interviewer: Code for laboratory: 
Sex: M/F Age: Telephone No.: 
Date of interview: Code for data entered: 
V 
Please put a V before foods that you have consumed over last week. 
Then write down the portion and frequency over a day or a week in the space provided. 
1. Grain/cereal 
|Portion size No. of portion Frequency/day Frequency/week 
1 Cooked rice 1 bowl=200 g 
2 Soft rice 1 bowl=200 g 
3 Congee 1 bowl=200 g 
4 Wheat noodle 1 bowl:200 g 
5 Instant noodle 1 bowl=200 g 
6 Flattened rice noodle 1 bowl=200 g 
7 Macaroni 1 bowl=100 g 
8 Spaghetti 1 plate=100g~~ 
9 Porridge 1 bowl=200 g 
J6 Cornflakes ' 1 box:25 g 
r i Frosties 1 box=25 g 
T2 Mann-Tau 1 piece=50 g _ 
Ts Plain roll 1 piece=70 g ~ ~ 
T4“ ‘~~~ Bread 1 piece=50 g 
Ts Whole wheat bread 1 piece=40 g 
Te Sweet roll 1 piece=70 g ~ ~ 
1 
2. Vegetables/nuts 
Portion size No. of portion Frequency/day Frequency/week 
1 Chinese flowering cabbage 1 plate=100 g 
2 Chinese white cabbage 1 plate=100 g 
3 Chinese kale 1 plate=100 g~~ 
4 Broccoli 1 portion=50 g 
5 Lettuce 1 plate=100g~~~ 
6 Chinese spinach 1 plate:100 g 
7 Chinese chives 1 pIate=100 g 
8 Cabbage 1 plate=100 g 
9 Celery Cabbage 1 plate=100 g 
T o “ Watercress 1 plate=100 g 
T^ Water Spanish 1 plate=100 g 
T2 Asparagus 1portion=50g 
Ts Celery Cabbage 1 portion=50 g 
14 Spinach 1 plate=100 g 
15 Cauliflower 1 portion:50 g 
Te Pea shoot 1 plate=100 g 
T? Fresh soybean 1 portion=50 g 
Ts Tofu 1 cube=300 g 
T9 Tofu sheet 1 portion=50 g 
^ Fried Tofu 2 pieces=120 g 
^ Tofu-pop 5 pieces=50 g 
^ Tofu-skin 1 portion=50 g 
^ Wheat gluten 1 portion=50 g 
^ Vegetarian chicken 3 pieces=50 g 
25 Sprout mungbean 1 plate=100 g 
^ Soybean Sprout 1 plate=100 g 
^ ~ ~ Soybean in tomato sauce 1 portion=50 g 
^8 Red bean 1 portion=25 g 
29 Brow bean 1 portion:50 g 
l b Snap bean 1 plate=100 g ~ 
Y^ Snow peas 1 plate=100 g 
^ Peas — 1 portion=50 g 
^ Broad bean “ 1 portion=50 g 
^ L_ 
2 
|Portion size |No. of portion |Frequency/day Frequency/week 
34 String bean 1 portion=50 g 
35 Onion 1 portion:50 g 
36 Carrots 1 portion=50 g 
37 Radish 1 portion=50 g 
38 Sweet potato 1 portion=50 g 
^9 Potato ‘ 1 portion=50 g 
^ Water chestnut 7 pieces=50 g 
4^ Lotus root 1 portion=50 g 
^ Bamboo shoot 1 portion:50 g 
^ Hairy melon 1 portion=100 g 
44 Bittercucumber 1 portion:100 g 
^ Winter melon 1 portion=100 g 
46 Tomatoes 1 portion=100 g 
^ Red pepper 1 portion=100 g 
48 Green pepper 1 portion=100 g 
49 Sweet corn 1 portion:50 g 
^ Canned sweet corn 1 portion=50 g 
^ Pumpkin 1 portion=100 g 
^ Angled loofah 1 portion=100 g 
^ Egg-plant 1 portion=100 g 
M Fresh mushrooms 10pieces=100g 
^ Dried mushrooms 12 pieces=25 g 
^ Canned mushrooms 8 pieces=100 g 
^ White fungus 1 portion=10 g 
^ Wood fungus 1 piece=10 g 
^ Black moss 1 piece=10 g 
^ Preserved radish 6 slices=50 g _ 
^ Chestnut 1 piece=10 g 
62 Cashew nut 1portion/package=35 g 
^ Peanut 1 portion=25 g 
^5 Mungbean thread 1 portion=10 g 
^ 
j> 
3. Fruits (Fresh 7 Dried) 
~|Portion size No. of portion Frequency/day Frequency/week 
1 Orange 1 piece=150 g 
2 Grape fmit 1 piece=200 g 
3 Apple 1 piece:150 g 
4 Pear 1 piece=180 g 
5 Banana 1 piece=200 g 
6 Strawberry 4pieces:100 g 
7 Honeydew melon 1 portion=100 g 
8 Watermelon 1 portion=100 g 
9 Peach 1 piece=200 g 
To Prune 2 pieces=100 g 
T^ Mango 1 piece=20Q g 
l 2 Apricot 1 piece=35 g 
Ts Grapes 10 pieces=100 g 
t4 Papaya 1samll piece=400 g 
Ts Lychee 10 pieces:100 g 
Te Logan 10 pieces=30 g 
^7 Pineapple 1 slice=100 g 
Ts Fruit cocktail 1 portion=100 g 
T9 Lemon 1 piece=100 g 
^ Pomelo 1 slice=70 g 
^ Cherry 10 pieces=100 g~~ 
^ Persimmon 1 piece=100 g 
^ ~ " Kiwifruit 1 piece=75 g 
Durian 1 piece=50 g 
^ Dried apricot 10 pieces=20 g 
^ Dried raisins 1 small box=40 g -
^ Dried date 15 pieces=20 g 
4 
4. Egg 
‘ |Portion size |No. of portion |Frequency/day Frequency/week 
1 Boiled egg 1 piece=50 g 
2 Fried egg 1 piece=50 g 
3 Limed duck egg 1 piece=50 g 
4 Salted duck egg 1 piece=50 g 
5 Quail egg 1 piece=10 g 
6 Egg white 1 piece=35 g 
7 Egg yolk 1 piece=15 g 
5 
5. Milk & Drink 
Portion size No. of portion Frequency/day Frequency/week 
1 Cow milk 1 glass=250 ml 
2 Skim milk 1 qlass=250 ml 
3 Chocolate milk 1 glass=25Q ml 
4 Dried whole milk 1 table spoon=7 g 
5 Dried skimmed milk 1 table spoon =7 g 
6 Sweetened condensed milk 1 table spoon =20 g 
7 Evaporated milk 1 table spoon =15 g 
8 Cheese 1 slice=20 g 
9 Yogurt 1 pack=150 g 
_^ 0 Low fat yogurt 1 pack=150 g 
JJ Ice cream 1 1 cup=15Q ml 
_^ Ice cream 2 1 cup=12Q ml 
J[3 Ice cream 3 1 piece=60 ml 
U Milk shake 1 cup=300 g 
J^ Mayonnaise 1 table spoon =15 g 
^ Chocolate drinks 1 table spoon =5 g 
^ Horlick 1 table spoon =5 g 
J8 Ovaltine 1 table spoon =5 g 
| 9 Coca-Cola 1 glass=250 ml 
^2 Sprite 1 glass=250 ml 
21 Vitasoy 1 box=25Q ml 
^ Fresh fruitjuice 1 glass=250 ml 
^ Squash 1 box=250 ml 
^ Soy drink 1 qlass:250 ml 
^ Chrysanthemum team 1 box=250 ml 
^ Creams of chicken soup 1 can=300 g 
^ Chinese tea 1 cup=250 ml 
^ Green tea 1 cup=250 ml 
^ Ginseng tea 1 cup=25Q ml 
^5 Tea (Upton) 1 cup=250 ml 二 
^ Coffee 1 cup=250 ml 
32 Wine 1 cup=250 ml 
^ Spirit 1 cup=250 ml 
^ Beer 1 1 cup=250 ml 
^ Beer2 1 cup=25Q ml 
^ Mineral water 1 cup=250 ml 
^ Plain water 1 cup=250 ml 
38 |white sugar | l table spoon =10 g 
6 
1 
I •5 ^ 
» 
..:: 
6. Dim Sum/Snack 
Portion size No. of portion Frequency/day Frequency/week 
1 Veg-Wan Tonnc 1 piece=2Q g 
2 Veg -Barbecue pork bun 1 piece=75 g 
3 Egg yolk & lotus seed bun 1 piece=40 g 
4 Veg -Steamed Dim Sum 1 piece=2Q g 
5 Deep fried Dim Sum 1 piece=35 g 
6 Steamed Cheung Fan 1 roll=60 g 
7 Chinese Turnip pudding 1 piece=40 g 
8 Yau-Char-Kwai 1 roll=7Q g 
9 Pizza 1 piece=10Qg 
jO Hash brown potatoes 1 piece=50 g 
j J Pork pie 1 piece=1QQ g 
J2 Apple pie 1 piece=100 g 
J3 Dry beef 3 slices=1Q0 g 
14 Pork stick 3slices=1Q0g 
J5 Red bean Tong-sui 1 bowl=2QQ g 
^ Cream crackers 3 pieces=25 g 
J7 Semi-sweet Biscuit 2 pieces=2Q g 
j 8 Chocolate coated biscuit 3 pieces=40 g 
J9 Finger biscuit 1 box=80 g 
^ Walnut short cake 1 piece=150 g 
^ Milk pudding 1 cup=120 g 
^ Egg tart 1 piece=60 g 
^ Potato chips 1 portion=100 g 
^ Potato crisps 1 small pack=35 g 
25 Spongy cake 1 piece=70 g 
^ Madeira cake 1 slice=80 g 
2J_ Chocolate 1 1 piece=8 g 
^ Chocolate 2 1 piece=12 g 
2^ Candy 2 pieces=10 g 
^5 Honey 1 table spoon =20 g 
^ Jam 1 table spoon =20 g 
^ Peanut butter 1 table spoon =15 g 
^ Syrup 1 table spoon =20 g 
^ Chicken paw 1 plate=1QQ g 
^ Sticky rice dumpling 1 piece=275 g “ 




|Portion size |No. of portion Frequency/day Frequency/week 
1 Corn oil 
* 
8 
7.Special vegetarian foods 
|Portion size No. of portion Frequency/day Frequency/week 
1 Shou Si 1 pieces =45g 
2 Veg-Fish 1 portion:50g 
3 Veg-Fish Ball 1 portion=50 g 
4 Veg-Prawns 1 portion=50g 
5 Veg-Ham 一 1 portion=45g 
6 Veg- Hotdog Sausage 1 portion:45 g 
7 Veg-Porkchop 1 portion=50g 
8 Glutinous Rice 1 portion=50 g 
9 Gluten(oil) 1 portion:50g 
10 Seaweed 2pieces=10g 
r i Sian Suan Choi 1 portion=50 g 
9 
Appendix I I Daily intake of individual food items 
Food intake per day, gm 
Food items n Mean SD SEM Minimum Median Maximum 
Cooked rice 52 300.1 173.03~~23.99 457^~~277.15~~~857.14 
Soft rice 10 68.57 50.76 16.05 28.57 42.86 171.43 
Congee 23 54.53 36.91 7.7 14.29 57.14 142.86 
Wheat noodle 24 74.29 68.38 13.96 11.43 47.14 214.29 
Instant noodle 30 52.9 40.29 7.36 7.14 28.57 171.43 
Flattened rice noodle 28 58.93 47.48 8.97 7.14 28.57 171.43 
Macaroni 16 21.34 9.04 2.26 7.14 20.72 42.86 
Spigot 17 25.63 16.76 4.07 7.14 14.29 64.29 
Porridge 5 24.86 17.71 7.92 2.86 28.57 50 
Cornflakes 3 9.52 2.06 1.19 7.14 10.71 10.71 
Frosties 3 3.57 0 0 3.57 3.57 3.57 
Mann-Tau 3 28.57 12.37 7.14 14.29 35.71 35.71 
Plain roll 27 21.3 16.83 3.24 5 14 70 
Bread 29 26.16 26.83 4.98 7.14 14.29 107.14 
Whole wheat bread 4 25 29.08 14.54 8.57 11.43 68.57 
Sweet roll 19 30.79 29.75 6.83 5 20 105 
Chinese flowering cabbage 37 25.77 22.92 3.77 3.57 14.29 100 
Chinese white cabbage 22 13.6 8.54 1.82 1.43 10 28.57 
Chinese kale 3 8.57 5.15 2.97 4.29 7.14 14.29 
Broccoli 21 21.09 2072 4.52 3.57 10.71 71.43 
Lettuce 27 17.94 16.26 3.13 2.86 14.29 64.29 
Chinese spinach 23 13.01 7.8 1.63 3.57 14.29 30 
Chinese Chives 0 0 0 0 0 0 0 
Cabbage 19 11.65 8.62 1.98 1.43 7.14 28.57 
Celery Cabbage 11 14.22 11.72 3.53 3.57 10 42.86 
Watercress 4 12.5 3.58 1.79 7.14 14.29 14.29 
Water spainch 24 17.39 11.83 2.41 1.43 14.29 42.86 
Asparagus 2 5 3.03 2.14 2.86 5 7.14 
Celery Cabbage 8 5.53 7.19 2.54 0.71 2.86 21.43 
Spinach 3 14.29 0 0 14.29 14.29 14.29 
Cauliflower 4 13.39 9.39 4.7 3.57 14.29 21.43 
Pea shoot 1 3.57 0 0 3.57 3.57 3.57 
Fresh soybean 5 5 3.84 1.72 1.43 2.86 10.71 
Tofu 44 66.04 76.13 11.48 8.57 42.86 385.71 
Tofu sheet 25 5.03 2.79 0.56 1.43 4.29 14.29 
Fried Tofu 33 11.97 8.84 1.54 2.14 7.14 34.29 
Tofu , dried spongy square 1 3.57 0 0 3.57 3.57 3.57 
Tofu-pop 33 11.97 8.84 1.54 2.14 7.14 34.29 
Tofu-skin 23 8.63 5.9 1.23 1.79 7.14 23.57 
Wheat gluten 17 10.92 8.21 1.99 3.57 7.14 28.57 
Glute(Oil) 17 10.92 8.21 1.99 3.57 7.14 28.57 
Vegetarian chicken 20 10.46 8.46 1.89 1.79 7.14 28.57 
Vit-porkchop 11 21.18 12.86 3.88 8 20 50 
Fish 1 7.29 0 0 7.29 7.29 7.29 
Fish balJ 8 17.5 13.24 4.68 3.57 14.2& 42.86 
Vita-Prawns 4 6 3.01 1.5 3.43 5.14 10.29 
Vita-Ham 15 17.09 13.38 3.45 3.57 14.29 50 
Vit-Hotdog Sausage 9 13.71 12.24 4.08 6.86 6.86 44.57 
Sprout mungbean 15 11.05 9.37 2.42 3.57 7.14 30 
Soybean Sprout 4 8.75 6.4 3.2 2.86 8.93 14.29 
Food intake per day, gm 
Food items n Mean SD SEM Minimum Median Maximum 
Soybean in tomato sauce~~15 13.62 8 ^ ^ 2 3 ^ 14.29 35.71 
Read bean 7 4.13 2.96 1.12 0.36 3.57 7.14 
Brow bean 9 6.51 7.1 2.37 0.71 3.57 21.43 
Snap bean 1 14.29 0 0 14.29 14.29 14.29 
Snow peas 5 11.72 5.75 2.57 1.43 14.29 14.29 
Peas 14 4.67 3.34 0.89 0.71 3.57 10.71 
Broad bean 2 1.25 0.76 0.54 0.71 1.25 1.79 
String bean 32 9.08 5.65 1 0.71 7.14 21.43 
Carrots 25 6.44 6.06 1.21 0.71 3.57 21.43 
Radish 7 3.67 4.77 1.8 0.71 2.14 14.29 
Sweet potato 2 7.14 0 0 7.14 7.14 7.14 
Potato 34 12.86 9.26 1.59 2.86 10.71 42.86 
Water chestnut 2 7.14 0 0 7.14 7.14 7.14 
Lotus root 3 4.05 2.88 1.67 1.43 3.57 7.14 
Bamboo shoot 3 5.95 2.06 1.19 3.57 7.14 7.14 
Hairy melon 36 20.04 15.93 2.66 2.86 14.29 71.43 
Bitter cucumber 18 10.95 6.37 1.5 4.29 10.72 28.57 
Winte rmelon 17 27.98 34.65 8.4 2.86 14.29 114.29 
Tomatoes 29 22.14 13.98 2.6 3.57 14.29 57.14 
Red pepper 5 4.71 3.77 1.68 1.43 3.57 10 
Green pepper 11 4.22 3.94 1.19 1.43 2.86 14.29 
Sweet corn 17 21.22 16.39 3.97 3.57 14.29 57.14 
Canned sweet corn 20 8.07 5.13 1.15 1.79 6.43 14.29 
Pumpkin 1 3.57 0 0 3.57 3.57 3.57 
Angled loofah 12 11.37 11.45 3.31 3.57 5.72 42.86 
Egg-plant 12 14.65 7.75 2.24 2.86 14.29 28.57 
Fresh mushrooms 13 17.65 25.77 7.15 2.86 7.86 100 
Dried mushrooms 32 3.48 3.43 0.61 0.36 1.97 14.29 
Canned mushrooms 16 19.82 20.47 5.12 2.86 10.72 71.43 
White fungus 12 1.52 1.2 0.35 0.36 1.07 4.29 
Wood fungus 2 1.14 0.61 0.43 0.71 1.14 1.57 
Black moss 7 0.98 0.85 0.32 0.29 0.71 2.86 
Preserved radish 14 3.85 5.36 1.43 0.71 2.5 21.43 
Chestnut 12 7.65 5.29 1.53 1.75 7.5 20 
Cashew nut 0 0 0 0 0 0 0 
Peanut 19 4.62 6.15 1.41 0.71 2.86 21.43 
Mungbean thread 2 1.43 0 0 1.43 1.43 1.43 
Sian Suan Choi 8 4.37 2.3 0.81 1.43 4.29 7.14 
Orange 30 51.79 56.4 10.3 5.36 21.43 257.14 
Apple 24 22.32 14.66 2.99 2.14 21.43 64.29 
Pear 4 19.29 7.42 3.71 12.86 19.29 25.71 
Banana 17 55.54 35.1 8.51 7.14 57.14 142.86 
Strawberry 2 23.22 27.78 19.65 3.57 23.22 42.86 
Honeydew melon 14 22.45 10.08 2.89 14.29 14.29 14.29 
Watermelon 26 67.86 53.04 10.4 7.14 57.15 200 
Peach 1 9.43 0 0 9.43 9.43 9.43 
Mango 16 34.73 41.87 10.47 5.71 21.43 142.86 
Grapes 11 21.04 14.76 4.45 2.86 2.86 8.57 
Papaya 5 57.14 29.35 13.12 25.71 60 85.71 
Lychee 11 23.12 25.71 7.75 1.43 14.29 85.71 
Logan 15 6.94 3.3 0.85 0.43 8.57 12.86 
pineapple 13 21.43 13.68 3.79 7.14 14.29 42.86 
Fmit cocktail 3 7.62 5.77 3.33 4.29 4.29 14.29 
Lemon 7 5.1 3.67 1.39 1.43 4.29 11.43 
Food intake per day, gm 
Food items n Mean SD SEM Minimum Median Maximum 
Pommel 0 0 0 0 0 0 0 
Cherry 10 16.86 10.14 3.21 7.14 14.29 42.86 
Persimmon 0 0 0 0 0 0 0 
Kiwifruit 0 0 0 0 0 0 0 
Durian 3 28.57 14.29 8.25 14.29 28.57 42.86 
Dried apricot 0 0 0 0 0 0 0 
Dried raisins 1 5.71 0 0 5.71 5.71 5.71 
Dried date 2 1.72 1.62 1.15 0.57 1.72 2.86 
Boiledegg 15 15.57 12.38 3.2 2.14 14.29 50 
Fried egg 40 19.79 12.52 1.98 2.14 21.43 21.43 
Limed duck egg 4 2.77 0.94 0.47 1.79 2.86 3.57 
Salted duck egg 16 4.6 4.8 1.2 1.79 3.57 21.43 
Quail egg 0 0 0 0 0 0 0 
Egg white 0 0 0 0 0 0 0 
Egg yolk 0 0 0 0 0 0 0 
Cow miIk 17 107.4 87.12 21.13 35.71 71.43 325 
Skim milk 2 196.4 126.27 89.29 107.14 196.43 285.71 
Chocolate milk 8 64.73 61.82 21.86 35.71 35.71 214.29 
Dried whole milk 11 10.95 7.2 2.17 3 10 21 
Dried skimmed milk 5 5.3 2.64 1.18 4 4 10 
Sweetened condensed milk 14 10.46 10.05 2.69 0.71 5.71 28.57 
Evaporated milk 3 10.36 7.29 4.21 2.14 12.86 16.07 
Cheese 18 8.49 8.62 2.03 1.43 6.43 40 
Yogurt 0 0 0 0 0 0 0 
Low fat yogurt 0 0 0 0 0 0 0 
Ice cream 1 37 34.75 23.9 3.93 8.5 25.71 128.57 
Milk shake 0 0 0 0 0 0 0 
Mayonnaise 12 3.03 1.36 0.39 2.14 2.14 6.43 
Chocolate drinks 4 0.71 0 0 0.71 0.71 0.71 
HorIick 4 0.71 0.42 0.21 0.71 1.07 1.43 
Ovaltine 12 2.56 1.92 0.55 0.71 1.97 5.71 
Coca-Cola 22 79.55 42.29 9.02 17.86 71.43 160.71 
Sprite 15 59.53 36.76 9.49 17.86 53.57 142.86 
Vitasoy 15 75.24 56.62 14.62 35.71 71.43 250 
Fresh fruitjuice 17 89.71 52.29 12.68 17.86 71.43 250 
Squash 11 73.05 34.31 10.34 35.71 71.43 142.86 
Soy drink 15 84.52 73.46 18.97 17.86 71.43 250 
Chrysanthemum team 19 61.09 32.78 7.52 35.71 53.57 142.86 
Creams of chicken soup 6 23.57 15.51 6.33 8.57 17.15 42.86 
Chinese tea 18 82.14 100.28 23：64 0.71 35.71 375 
Green tea 1 250 0 0 250 250 250 
Ginseng tea 0 0 0 0 0 0 0 
Tea (Upton) 0 0 0 0 0 0 0 
Coffee 0 0 0 0 0 0 0 
Mineral water 8 514.7 418.05 147.8 28.57 437.5 1250 
Plainwater 44 845.2 486.03 73.27 125 750 2000 
White sugar 5 2.86 1.6 0.72 0.71 2.86 5 
Wan Tonne 9 33.65 29.72 9.91 11.43 17.14 102.86 
Vit-Barbecue Porkbum 7 13.01 8.67 3.28 5.36 10.71 32.14 
Eggyolk&lotusseedbun 9 9.52 4.04 1.35 5.71 11.43 17.14 
Vit-Stermed dim sum 5 4.57 2.55 1.14 2.86 2.86 8.57 
Deep fried Dim Sum 6 4.83 2.94 1.2 1.5 5 10 
Steamed Cheung Fan 20 37.71 41.82 9.35 8.57 23.57 180 
Chinese Turnippudding 10 6.57 2.71 0.86 2.86 5.71 11.43 
Food intake per day, gm 
Food items n Mean SD SEM Median Minimum Maximum 
Yau-Char-Kwai 6~~~T^ ^ ^ 3 5 ^ 
Pizza 1 14.29 0 0 14.29 14.29 14.29 
Apple pie 9 11.9 7.14 2.38 7.14 7.14 28.57 
Red bean Tong-sui 11 83.12 61.88 18.66 28.57 57.14 171.43 
Cream crackers 12 9.23 6.98 2.01 0.36 8.57 23.57 
Semi-sweet Biscuit 26 11.55 8.94 1.75 1.14 7.86 34.29 
Chocolate coated biscuit 6 9.14 6.26 2.56 3.43 5.71 17.14 
Finger biscuit 26 11.55 8.94 1.75 1.14 7.86 34.29 
Walnut short cake 3 8.93 3.09 1.78 5.36 10.71 10.71 
Milk pudding 4 32.14 26.53 13.27 8.57 17.15 42.86 
Egg tart 9 11.9 5.98 1.99 8.57 8.57 25.71 
Potato chips 6 11.55 15.52 6.34 1.43 7.14 42.86 
Potato crisps 17 9.13 6.85 1.66 0.5 6 20 
Spongy cake 13 16.77 9.21 2.55 5 10 30 
Madeira cake 5 2.86 0 0 2.86 2.86 2.86 
Chocolate 1 17 4.16 7.31 1.77 0.11 2.29 32 
Chocolate 2 17 4.16 7.31 1.77 0.11 2.29 32 
Candy 18 5.16 4.32 1.02 0.71 3.58 17.14 
Honey 5 2.86 0 0 2.86 2.86 2.86 
Jam 4 6.43 5.41 2.7 2.86 4.29 14.29 
Peanut butter 11 3.86 3.33 1.01 0.64 2.14 10.71 
Syrup 1 2.86 0 0 2.86 2.86 2.86 
Shou-Si 7 57.24 42.73 16.15 15.71 39.29 125.71 
Glutinous Rices 3 4.29 2.47 1.43 2.86 2.86 7.14 
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